effect of vanadate (IC50, 5.0 +/- 0.4 micromol/1) . After vanadate 
treatment, a phosphorylated P55 protein is immunoprecipitated by antibodies 
to both phospho tyrosine and phosphatidylinositol (PI) 3 -kinase. In 
conclusion, rat adipocytes contain an additional vanadate-activatable 
nonreceptor membranous protein tyrosine kinase that may participate 
in the effects of vanadate not carried out by CytPTK. We also suggest that 
after treatment with vanadate, MembPTK is activated by autophosphorylation 
and interacts with PI 3 -kinase . This may explain how vanadate 
activates PI 3 -kinase without involving receptor activation and IRS-1 
phosphorylation . 
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Polar headgroups of free glycosyl-phosphatidylinositol (GPI) lipids or 
protein-bound GPI membrane anchors have been shown to exhibit insulin 
-mimetic activity in different cell types. However, elucidation of the 
molecular mode of action of these phospho-inositolglycan (PIG) molecules 
has been hampered by 1) lack of knowledge of their exact structure; 2) 
variable action profiles; and 3) rather modest effects. In the present 
study, these problems were circumvented by preparation of PIG-peptides 
(PIG-P) in sufficient quantity by sequential proteolytic (V8 protease) and 
lipolytic (phosphatidylinositol-specif ic phospholipase C) cleavage of the 
GPI -anchored plasma membrane protein, Gcelp, from the yeast Saccharomyces 
cerevisiae. The structure of the resulting PIG-P, 

NH2-Tyr-Cys-Asn-ethanolamine-P04-6 (Manl-2 ) Manl-2Manl-+ ++6Manl -4GlcNH (2 ) 1-6 
myo-inositol-1, 2-cyclicP04 , was revealed by amino acid analysis and Dionex 
exchange chromatography of fragments generated enzymatically or chemically 
from the neutral glycan core and is in accordance with the known consensus 
structures of yeast GPI anchors. PIG-P stimulated glucose transport and 
lipogenesis in normal, desensitized and receptor-depleted isolated rat 
adipocytes, increased glycerol-3 -phosphate acyltransf erase activity and 
translocation of the glucose transporter isoform 4, and inhibited 

isoproterenol-induced lipolysis and protein kinase A 
activation in adipocytes. Furthermore, PIG-P was found to stimulate glucose 
transport in isolated rat cardiomyocytes and glycogenesis and glycogen 
synthase in isolated rat diaphragms. The concentration-dependent effects of 
the PIG-P reached 70-90% of the maximal insulin activity with^ 
EC50-values of 0.5-5 microM. Chemical or enzymic cleavages within the 
glycan or peptide portion of the PIG-P led to decrease or loss of activity. 
The data demonstrate that PIG-P exhibits a potent insulin-mimetic 
activity which covers a broad spectrum of metabolic insulin actions 
on glucose transport and metabolism. 
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Vanadate, which mimics the biological effects of insulin, also 
inhibits lipolysis in rat adipocytes. Here we demonstrate that 
the antilipolytic effect of vanadate differs from that of insulin at 
least by the five following criteria: 1) vanadate inhibits 
lipolysis mediated by high (supraphysiological) concentrations of 
catecholamines; 2) vanadate antagonizes (Bu) 2cAMP-mediated lipolysis; 

3) vanadate antagonizes isobutylmethylxanthine -dependent lipolysis, 

4) vanadate inhibits lipolysis mediated by okadaic acid; and 5) 
wortmannin, which blocks the antilipolytic effect of insulin, fails 

to block vanadate-mediated antilipolysis . Vanadate does activate 
phosphoinositol 3 -kinase, and wortmannin blocks this activation. Our 
working hypothesis assumes that all of the insulin- like effects of 
vanadate, including antilipolysis, are initiated by the inhibition of 
protein phosphotyrosine phosphatases (PTPases) . Among documented PTPase 
inhibitors we found that V0S04 (oxidation state +4), several organic 
vanadyl compounds (+4), zinc (Zn2+) , tungstate (w) , and molybdate (Mo) also 
had antilipolytic activity. The order of potency was vanadyl 
acetylacetonate > or = V0S04 > or = NaV03 > or = vanadyl -dipicolinate > 
Zn2 + » W > Mo, and it correlated better with the inhibition of 
adipose membranal -PTPases in cell-free experiments. We have concluded that 
the antilipolytic effect of vanadate is 1) mechanistically distinct from 
that of insulin, 2) independent of phosphoinositol 3 -kinase 
activation, and 3) independent of the lipolytic cascade. We also strongly 
suggest that the antilipolytic effect of vanadate emanates from 
inhibiting adipose membranal, rather than cytosolic PTPases, and 
present preliminary data showing distinct differences in catalysis between 
these two PTPase categories. Overall, the study indicates that 
antilipolysis can be manifested via alternative, insulin- independent , 
signal-transducing pathways. 
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Leptin is an adipocyte hormone involved in the regulation of energy 
homeostasis. Generally accepted biological effects of leptin are 
inhibition of food intake and stimulation of metabolic rate in ob/ob 
mice that are defective in the leptin gene. In contrast to these centrally 
mediated effects of leptin, we are reporting here on leptin effects on 
isolated rat adipocytes. Leptin impairs several metabolic actions of 



insulin , i.e. stimulation of glucose transport, glycogen synthase, 
lipogenesis, inhibition of isoproterenol -induced lipolysis, and 
protein kinase A activation, as well as stimulation of protein 
synthesis. Insulin effects were reduced by leptin (2 nM) with a 
half-life of about 8 h. At low leptin concentrations (<1 nM) , the 
insulin sensitivity was reduced leading to a shift to the right in 
the dose-response curve. At higher concentrations the responsiveness was 
diminished, resulting in nearly complete inhibition of insulin 
effects at >30 nM leptin. The IC50 value of leptin was 3.1 +/- 1 nM after 
15 h of preincubation of adipocytes in primary culture. The natural splice 
variant des-Gln49-leptin exhibited a significantly lower potency. 
Adipocytes regained full insulin sensitivity within a few hours after 
leptin removal. The stimulation of glucose transport by vanadate was not 
affected by leptin. These data show specific and potent impairment of 
insulin action by leptin in the physiological concentration range of 
both leptin and insulin, which may be related to the pathophysiology 
of insulin resistance in both non- insulin-dependent diabetes 
mellitus and obesity. 



9/3,AB/l2 (Item 12 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2003 The Dialog Corp. All rts. reserv. 

10866720 97218198 PMID : 9065430 

Regulation of protein kinase B and glycogen synthase kinase-3 
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Previous studies using L6 myotubes have suggested that glycogen synthase 
kinase-3 (GSK-3) is phosphorylated and inactivated in response to 
insulin by protein kinase B (PKB, also known as Akt or RAC) 
(Cross, D. A. E. , Alessi, D. R. , Cohen, P., Andjelkovic, M. , and Hemmings, 
B. A. (1995) Nature 378, 785-789) . In the present study, marked increases 
in the activity of PKB have been shown to occur in insulin- treated 
rat epididymal fat cells with a time course compatible with the observed 
decrease in GSK-3 activity. Isoproterenol, acting primarily through 
beta3-adrenoreceptors, was found to decrease GSK-3 activity to a similar 
extent (approximately 50%) to insulin. However, unlike the effect of 
insulin, the inhibition of GSK by isoproterenol was not found 
to be sensitive to inhibition by the phosphatidylinositol 3'- 
kinase inhibitors, wortmannin or LY 294002. The change in GSK-3 ^ 
activity brought about by isoproterenol could not be mimicked by the 
addition of permeant cyclic AMP analogues or forskolin to the cells, 
although at the concentrations used, these agents were able to stimulate 
lipolysis. Isoproterenol, but again not the cyclic AMP analogues, was 
found to increase the activity of PKB, although to a lesser extent than 
insulin . While wortmannin abolished the stimulation of PKB activity 
by insulin, it was without effect on the activation seen in response 
to isoproterenol. The activation of PKB by isoproterenol was not 
accompanied by any detectable change in the electrophoretic mobility of the 
protein on SDS-polyacrylamide gel electrophoresis. It would therefore 
appear that distinct mechanisms exist for the stimulation of PKB by 
insulin and isoproterenol in rat fat cells. 
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Recent data suggest involvement of the Janus tyrosine kinase-2 
(JAK2) in human GH-induced tyrosine phosphorylation of the GH receptor and 
the insulin receptor substrates 1 and 2 (IRS-1 and IRS-2), leading to 
activation of the phosphatidylinositol 3 -kinase and the acute 
insulin -like effects in primary rat adipocytes. To investigate the 
functional role of this kinase, we screened a number of tyrosine 
kinase inhibitors for their ability to inhibit three 

rapid effects of GH on primary adipocytes: increased lipogenesis, 
inhibition of noradrenaline -induced lipolysis, and promotion of 
JAK2 tyrosine phosphorylation. Only staurosporine was found to 
inhibit all three effects. The inhibition of lipogenesis and 
antilipolysis exhibited the same staurosporine dose dependency (IC50, 
approximately 4 0 nM) as inhibition of JAK2 and IRS-1 tyrosine 
phosphorylation as well as binding of the p85 subunit of 
phosphatidylinositol 3-kinase to IRS-1 and IRS-2. The unidentified 
cytosolic tyrosine -phosphorylated protein pp95, in contrast, was not 
affected, suggesting that it is not phosphorylated primarily by JAK2 . 
Protein kinase C does not seem to be directly involved in the 
insulin-like effects, because the selective protein kinase C 
inhibitor calphostin C had no effect at levels up to 100 nM above 
which unspecific cellular effects occurred. Methyl -2 , 5 -di hydroxy cinnamate 
inhibited GH-induced lipogenesis from [3 -3H] glucose and nonstimulated 
lipogenesis from [2 - 14C] -pyruvate and [3H] acetate, but was without effect 
on GH-induced 2 -deoxy-D- [1-3H] glucose uptake, JAK2 phosphorylation and 
antilipolysis, suggesting unspecific effects on mitochondrial metabolism 
rather than a direct effect on the GH-mediated signal. Tyrphostin 25 and 
herbimycin A had no effect on any of the parameters studied, except for a 
slight increase in JAK2 phosphorylation in response to tyrphostin 25. In 
summary, these data support the role for JAK2 in mediating the 
insulin-like effects of GH in adipocytes. 
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Epidermal growth factor (EGF) and insulin induced similar effects 
in isolated rat adipocytes. To determine whether EGF and insulin 

produced similar effects through the same mechanisms, we focused on 
lipolysis. Insulin inhibited the lipolysis 

stimulated by isoproterenol, glucagon (either alone or in combination with 
adenosine deaminase), adenosine deaminase itself, or forskolin. In 
contrast, EGF did not inhibit the lipolysis stimulated by 
forskolin or by hormones when the cells were also incubated with adenosine 
deaminase. The effect of insulin , but not that of EGF, on 
isoproterenol -stimulated lipolysis disappeared when adipocytes were 
incubated with 1 microM wortmannin. These results indicate that EGF and 
insulin affected lipolysis through different mechanisms. We 
observed that EGF, but not insulin, increased cytosolic Ca2+. The 
effect of EGF, but not that of insulin, disappeared when the cells 
were incubated in a Ca2+-free medium. We suggest that EGF, but not 
insulin , mediate its antilipolytic effect through a Ca2+ -dependent 
mechanism which, however, do not involve Ca2+-activated protein 
kinase C isof orms . This is based on the following: 1) phorbol 
12-myristate 13-acetate affected lipolysis in an opposite way to that 
of EGF; and 2) the protein kinase C inhibitor 
bisindolylmaleimide GF 109203X did not affect the antilipolytic action of 
EGF. Our results indicate that the antilipolytic effect of EGF resembles 
more that of vasopressin than that of insulin. 
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The insulin -like effects of vanadium in vivo are likely to be 
achieved at micromolar concentrations. Demonstrated effects of vanadium on 
adipose tissue of streptozotocin-diabetic rats include inhibition of 
basal and stimulated rates of lipolysis and effects on fat cell 
protein phosphorylation. The studies described below examined the effects 
of vanadium (to a maximum concentration of 0.5 mM) on adipose cells or 
tissue in vitro. Vanadium, added as a vanadyl -albumin complex or as sodium 
orthovanadate, produced a marked (greater than 50%) inhibition of 
isoproterenol- stimulated lipolysis. Inhibition of 

lipolysis equivalent to that seen with insulin, was achieved 
with approximately 100 microM vanadium. In contrast, no insulin-like 
stimulation of de novo fatty acid biosynthesis was observed with vanadium 
below 0.5 mM. Surprisingly, the antilipolytic effects of vanadium persisted 
in the presence of cilostamide, an inhibitor of the insulin 
-sensitive isoform of cyclic nucleotide phosphodiesterase. Studies with 
purified preparations of the catalytic subunit of cyclic AMP-dependent 
protein kinase revealed dose -dependent inhibition with 
vanadyl -glutathione (to a maximum of approximately 40% inhibition) . 
Equivalent inhibition of cyclic AMP-dependent phosphorylation of 
Kemptide (approximately 50%) was observed upon incubation ^ of 
freshly-prepared fat-pad supernatant fractions with vanadyl -glutathione . 
These results suggest that effects of low concentrations of vanadium may be 



mediated, at least in part, by actions on the catalytic subunit of cyclic 
AMP-dependent protein kinase. 
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In isolated rat adipocytes incubated in the absence of insulin, 
2 5 ' -dideoxyadenosine blocked the increase in total adenosine 3', 5 '-cyclic 
monophosphate (cAMP) accumulation due to beta 1- or beta 3 -catecholamine 
agonists and forskolin without affecting their stimulation of 
lipolysis. The inhibition of cAMP accumulation by 
2 ' , 5 ' -dideoxyadenosine was not reflected in the total cytosolic 
cAMP- dependent protein kinase A activity, suggesting that the 
inhibition of cAMP occurred in cellular compartments distinct from 
those involved in the regulation of bulk protein kinase A activity. 
However, there was a good correlation between effects of lipolytic agents 
on cytosolic protein kinase A activity in fat cell extracts and 
lipolysis. Furthermore, it was possible to see an inhibition of 
the increase due to beta-agonists in cAMP accumulation, protein 
kinase A activity, and lipolysis by 2 1 , 5 * -dideoxyadenosine in 
the presence of insulin . These data suggest that the readily 
measurable accumulation of cAMP seen with catecholamines in the absence of 
insulin is in a compartment separate from that involved in protein 
kinase A activation. 
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Syp is a protein tyrosine phosphatase implicated in insulin and 
growth factor signaling. To evaluate the role of syp in insulin's 
regulation of plasma glucose, we generated knockout mice. Homozygous 
knockout mice die prior to day 10.5 of embryonic development. Hemizygous 
mice express half the levels of syp protein compared with their wild type 
littermates but do not display any gross morphological changes. Total body 
weight (age 2-10 weeks) and plasma insulin and glucose levels both in 
fasting and glucose -challenged states were comparable in the wild type and 
the hemizygous mice. No differences were observed in insulin- induced 



glucose uptake in soleus muscle and epididymal fat; insulin 
inhibition of lipolysis was also similar. We injected 
insulin into the portal vein of the mice to examine upstream events 
of the insulin signaling cascade. Tyrosine phosphorylation of 
insulin receptor and insulin receptor substrate-1 (IRS-1) from 
hemizygous tissue was similar to that of wild type tissue. Association of 
the p85 subunit of phosphatidylinositol 3 -kinase to IRS-1 increased 
an average of 2 -fold in both groups. We did not observe an increase of 
IRS-l/syp association after insulin administration, but we did note a 
significant basal association in both wild type and hemizygous tissue. Our 
results do not support a major role for syp in the acute in vivo metabolic 
actions of insulin. 
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Acipimox is commonly used to treat hypertriglyceridaemia in non- 
insulin -dependent diabetic patients, but its precise mechanism of 
action has yet to be elucidated. We examined the in vitro effects of 
acipimox on the lipolytic regulatory cascade in epididymal adipocytes 
isolated from Wistar rats. Acipimox inhibited the lipolytic rate 
stimulated by adenosine deaminase (1 U/ml) in a concentration-dependent 
manner, reaching a near-basal value at 10 mumol/1 acipimox. Lipolysis 
activated by sub-maximal levels of isoproterenol in combination with 
adenosine deaminase (20 mU/ml) was significantly (p < 0.05) decreased by 
100 mumol/1 acipimox, whereas, in the absence of adenosine deaminase, 100 
mumol/1 acipimox showed no significant (p > 0.05) inhibition. These 
findings suggested that the anti-lipolytic mechanism regulated by adenosine 
may also be regulated by acipimox. Acipimox diminished the intracellular 
cyclic AMP level produced by 25 nmol/1 isoproterenol in the presence of 
adenosine deaminase (20 mU/ml) in a concentration-dependent manner. At the 
same level of stimulation, acipimox inhibited the cyclic 
AMP-dependent protein kinase activity ratio and lipolytic rate over 
the same concentration range, with significant (p < 0.05) reductions 
occurring at and above, 0.5 mumol/1 and 10 mumol/1 acipimox, respectively. 
Western blotting showed that upon lipolytic stimulation (1 U/ml adenosine 
deaminase; 100 nmol/1 isoproterenol) a threefold increase in the lipolytic 
rate was accompanied by a significant (p < 0.05) rise in hormone-sensitive 
lipase associated with the lipid fraction. Acipimox (1 mmol/1) and 
insulin (1 nmol/1) re-distributed hormone-sensitive lipase back to 
the cytosol, with a corresponding significant (p < 0.05) loss from the fat 
cake fraction of adipocyte homogenates. In conclusion, the anti-lipolytic 
action of acipimox is mediated through suppression of intracellular cyclic 
AMP levels, with the subsequent decrease in cyclic AMP-dependent protein 
kinase activity, leading to the reduced association of 
hormone -sensitive lipase with triacylglycerol substrate in the lipid 
droplet of adipocytes . 
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Various model systems have been used to study the expression of the 
recently cloned ob gene, leptin. Here we report that freshly isolated rat 
white adipocytes incubated with insulin release leptin in a rapid and 
concentration-dependent manner (EC50 of 0.221 + /- .075 nM) . Insulin 
-stimulated leptin release could be detected as early as 30 min and a 
maximal 2-3 fold effect was produced by 10 nM insulin. The effect of 
insulin was completely blocked by simultaneous activation of 
cAMP -dependent protein kinase. Using the activation of 
lipolysis as an index of cAMP- dependent protein kinase 

activity, we show that inhibition of leptin release by 
norepinephrine or the selective beta 3 -adrenergic receptor agonist, 
CL316,243, occurred in parallel to activation of cAMP- dependent protein 
kinase . In addition, beta 1- and beta 2 -adrenergic receptor 
antagonists did not impair the ability of norepinephrine or CL316,243 to 
inhibit leptin release from the adipocytes. These findings suggest 
that the beta 3 -adrenergic receptor plays a central role in regulating the 
release of leptin from the adipocyte. 
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The intracellular signalling systems involved in the chronic 
insulin -antagonistic, anti-lipogenic effects and also the lipolytic 
effect of GH have been investigated in sheep adipose tissue in an in vitro 
tissue culture system. During culture, chronic exposure to GH decreased the 
rate of lipogenesis and prevented the increase in lipogenesis induced by 
insulin . GH also increased glycerol release into the culture medium. 
GH had no acute, insulin- like effect on lipogenesis in sheep adipose 
tissue. Pretreatment with phorbol ester to down-regulate isoforms of 
protein kinase C or addition of the protein serine kinase 
inhibitor staurosporine decreased the anti-lipogenic effect of GH 
while the protein serine kinase inhibitor H7 eliminated it 



completely. Pretreatment with phorbol ester or addition of H7 also 
decreased the insulin -antagonistic effect of GH on lipogenesis. 
Addition of the protein serine phosphatase inhibitor okadaic acid or 
the phosphatidyl choline phospholipase C inhibitor D609 both 
diminished the anti-lipogenic and insulin-antagonistic effects of GH. 
Chronic exposure of adipose tissue to GH had no effect on the total 
activity of acetyl CoA carboxylase or its activation status but it did 
diminish the increase in activation status induced by insulin. H7 and 
okadaic acid also diminished the increase in activation status of acetyl 
CoA carboxylase induced by insulin but did not alter the effect of GH 
on this variable. Okadaic acid decreased total acetyl CoA carboxylase 
activity. Pretreatment with phorbol ester or the addition of H7, 
staurosporine or okadaic acid increased glycerol release into the culture 
medium to the same extent as GH itself; the effects of GH and these various 
agents were not additive. These studies suggest that the anti-lipogenic, 
insulin-antagonistic effects of GH involve both protein serine 
kinases and phosphatases, possibly including one or more isoforms of 
protein kinase C, and a phosphatidyl choline-specif ic phospholipase 
C. Comparison with studies by others on the GH enhancement of preadipocyte 
differentiation and prolactin stimulation of lipogenesis in mammary tissue 
suggests involvement of protein kinase C at an early stage in all 
three systems. In contrast, effects of okadaic acid vary with the system, 
suggesting the involvement of protein serine phosphatase activity in a late 
stage of the action of GH. The effects of GH on lipogenesis and 
lipolysis do not occur via identical mechanisms. 
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Vanadate mimics, whereas phenylarsine oxide (PAO) antagonizes, the 
effects of insulin in rat adipocytes. Both vanadate and PAO are 
documented inhibitors of protein-phosphotyrosine phosphatases. The 
relationship between the inhibition of 'inhibitory' PTPase and 
■stimulatory' PTPase has been studied here in primary rat adipocytes. Low 
concentrations of PAO (IC50 = 0.6-2.0 microM) blocked the stimulating 
effects of insulin , vanadate and pervanadate on hexose uptake and 
glucose metabolism. Inhibition of isoproterenol -mediating 
lipolysis by vanadate and insulin was not blocked by PAO. The 
activating effects of okadaic acid on hexose uptake and glucose metabolism, 
which occur at points downstream to tyrosine phosphorylation, were also not 
blocked by PAO. Subsequent studies suggested that the PAO-sensitive PTPase 
comprises a minute fraction of the total adipocytic PTPase ^ activity . To 
identify its location we applied procedures involving fractionations and 
activation of non-receptor adipocytic protein tyrosine kinase by PAO 
and vanadate in cell free assays. We found that the 'inhibitory' 
PTPase is exclusively associated with the membrane fraction whereas the 
'stimulatory' PTPases are present in both the cytosolic and plasma membrane 
compartments. We next searched for markers, possibly associated with 
PAO-dependent desensitization and found that several proteins became 
phosphorylated on tyrosine moieties in the supernatant of PAO but not in 



vanadate pretreated adipocytes. In summary, we propose the presence of a 
minute, plasma membrane associated PTPase in primary rat adipocytes, 
inhibition of which arrests the activation of glucose metabolism. In 
contrast, inhibition of all the other cellular adipose PTPases, 
ultimately activates rather than inhibits these same bioeffects. 
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Peroxovanadate (PVN) is an insulin-like agent that inhibits 
the dephosphorylation of the insulin receptor kinase. PVN 
inhibited the lipolytic action of 0 . 1 microM isoproterenol by 88%, 
which is a relatively specific beta 1 catecholamine agonist at this 
concentration, but was largely ineffective against beta 3 agonists or 
forskolin. To determine whether PVN-mediated desensitization of the beta 1 
AR was associated with enhanced phosphorylation, we immunoprecipitated the 
beta 1 AR from rat adipocytes that were metabolically labeled with 32P04. 
Isoproterenol enhanced the net phosphorylation of the beta 1 AR by 8 +/- 
2-fold over control. PVN increased the net phosphorylation of the beta 1 AR 
by 5 +/- 0.5-fold, and together with isoproterenol, they enhanced the 
phosphorylation of the beta 1 AR by 2 -fold over isoproterenol alone. 
Phosphoamino acid analysis of the phosphorylated receptor revealed 
phosphate incorporation into serine that was proportional to the 
radioactivity incorporated into the immunoprecipitated receptor. PVN 
inhibited the serine/threonine phosphatase calcineurin, suggesting 
that inhibition of receptor dephosphorylation may play a role in the 
actions of PVN. Cyanogen bromide cleavage of the phosphorylated beta 1 AR 
generated a phosphoprotein with a molecular mass consistent with 
carboxyl- terminal phosphorylation. Furthermore, the magnitude of receptor 
phosphorylation by isoproterenol was 3 -fold larger than that due to 
forskolin, suggesting that beta 1 AR is a substrate for the beta AR 
kinase that phosphorylates carboxyl -terminal residues in the beta(2)^ 
AR. Our findings suggest that PVN may be a powerful new tool with which to 
study the phosphorylation of other G protein-coupled receptors. 
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Aqueous solutions of peroxovanadium (pV) compounds are potent 
insulin -mimics in various types of cell. Since chemical instability 
is a problem with these agents, we studied the insulin-like action in 
human fat cells of a stable pV complex, bpV(pic). It enhanced 14C-U-glucose 
uptake in a dose -dependent manner by approximately twofold which was 
slightly less than the effect of insulin (approximately threefold) . 
The pV complex did not alter cell-surface insulin binding and 
submaximal concentrations did not influence cellular sensitivity to 
insulin action on glucose uptake. The bpV(pic) inhibited the 
lipolytic effect of isoprenaline to the same extent as insulin; 
however, when the cGMP-inhibitable low-K(m) phosphodiesterase 
(cGI-PDE) was blocked with the specific inhibitor OPC 3911, the 
antilipolytic effect of insulin , but not that of bpV(pic), was 
completely prevented. Moreover, when lipolysis was stimulated by the 
non-hydrolysable cAMP analogue N6-monobutyryl cAMP, bpV(pic) , in contrast 
to insulin , maintained an antilipolytic effect. These findings 
indicate that bpV(pic) exerts its antilipolytic effect not only through 
cGI-PDE activation, similar to the effect of insulin, but also by 
means of other mechanisms. The tyrosine kinase activity of 
insulin receptors from human placenta was not altered by the pV 
compound itself, whereas bpV(pic) clearly enhanced insulin-stimulated 
activity. In contrast, in situ tyrosine phosphorylation of the 
insulin receptor beta-subunit as well as that of several other 
proteins was clearly increased in cells which were treated with bpV(pic), 
whereas vanadate only amplified insulin -stimulated tyrosine 
phosphorylation. In conclusion, bpV(pic) exerts powerful insulin-like 
effects in human fat cells and may be a new and potentially useful agent in 
the management of insulin-resistant states. 
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PI 3 -kinase , an enzyme that selectively phosphorylates the 
3 -position of the inositol ring, is acutely activated by insulin and 
other growth factors. The physiological significance of PI 3 -kinase 
activation and, more specifically, its role in insulin action is an 
area under intense investigation. In this study, we have examined the role 
of PI 3 -kinase activation in mediating selected metabolic and 
mitogenic effects of insulin employing the fungal metabolite 
wortmannin, a potent inhibitor of PI 3 -kinase activity. In 
isolated rat and cultured 3T3-L1 adipocytes, wortmannin inhibited 
insulin -stimulated glucose transport (IC50 = 9 nM) without a 
significant effect on basal transport. Insulin -stimulated 
translocation of GLUT4 in isolated rat adipocytes was markedly 
inhibited by wortmannin. Wortmannin had no effect on either basal or 
insulin -stimulated glucose utilization in L6 myocytes, a skeletal 
muscle cell line in which GLUT1 is the predominant transporter isoform. 
Wortmannin also partially antagonized the antilipolytic effect of 
insulin on adenosine deaminase-stimulated lipolysis in isolated 
rat adipocytes. Furthermore, wortmannin caused a significant reduction in 
insulin -stimulated DNA synthesis in Fao rat hepatoma cells. We 
conclude that PI 3 -kinase activation is necessary for maximum 
insulin -stimulated glucose transport, translocation of GLUT4 , 
antilipolysis and DNA synthesis. 
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Tannins occur naturally in relatively abundant amounts in fruits, herbal 
medicines and common beverages. Thus an understanding of how these 
polyphenols affect peptide hormone action is of importance. We report here 
that tannic acid (a hydrolysable tannin) inhibits insulin 
-stimulated lipogenesis in rat adipose tissue in vitro, with an IC50 
estimated to be about 350 microM. However, its monomer, gallic acid, did 
not show a similar inhibitory effect at concentrations up to 1 mM. 
The inhibition by tannic acid was less evident with higher ^ 
concentrations of bovine serum albumin in the incubation buffer. This was 
attributed to the formation of a tannin-protein complex between bovine 
serum albumin and tannic acid. In a binding assay, it was observed that the 
specific binding of insulin to its receptor was not inhibited 

by tannic acid in the concentration range 0-200 microM. However, 
insulin-stimulated autophosphorylation of the insulin receptor, 
and receptor-associated tyrosine kinase phosphorylation of RR-SRC 
peptide, were inhibited by tannic acid at concentrations as low as 2 5 
microM. Our data do not support the current speculation that tannins affect 
the activity of peptide hormones by binding to them. Therefore, our finding 
opens up a new perspective in the understanding of the mode of action of 
tannins on such hormones . 
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Enhancement of cAMP degradation by increased cGMP- inhibited cAMP 
phosphodiesterase (cGI-PDE) activity is thought to be an important 
component of the mechanism whereby insulin counteracts 
catecholamine- induced lipolysis in adipocytes. In this ^ study the 
selective cGI-PDE inhibitor OPC3911 was used to evaluate this role of 
cGI-PDE activation in intact rat adipocytes with special reference to 
changes in cAMP levels measured as cAMP- dependent protein kinase 
(cAMP-PK) activity ratios. OPC3911 completely blocked (IC50 =0.3 microM) 
the maximal inhibitory effect of insulin on 

noradrenaline -induced lipolysis and the net dephosphorylation of 
hormone -sensitive lipase and other intracellular target proteins for 
insulin action, whereas insulin -induced lipogenesis was not 
changed. The effect of OPC3911 on cAMP-PK activity ratios at different 
levels of lipolysis achieved by noradrenaline stimulation revealed 
that the reduction of cAMP-PK caused by 1 nM insulin was completely 
blocked by 3 microM OPC3911. The effect of OPC3911 was not due to an 
excessive increase in cellular cAMP resulting in 'supramaximal' 
lipolysis unresponsive to insulin. These data demonstrate that 
reduction in cAMP levels by the activation of cGI-PDE may be sufficient to 
account for the antilipolytic action of insulin. 
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The long-term hypoglycemic activity of sulphonylurea drugs has been 
attributed, in part at least, to the stimulation of glucose ^ utilization ^ in 
extra-pancreatic tissues. The novel sulphonylurea, glimepiride, gives rise 
to a longer lasting reduction in the blood sugar level in dogs and rabbits 
compared to glibenclamide (Geisen K, Drug Res 38: 1120-1130, 1988). This 
cannot be explained adequately by elevated plasma insulin levels. 
This study investigated whether this prolonged hypoglycemic phase was based 
on the drug's abilities to stimulate glucose utilization and affect the 
underlying regulatory mechanisms in insulin-sensitive cells in vitro. 



It was found that in the absence of added insulin, glimepiride and 
glibenclamide (1-50 microM) stimulated lipogenesis (3T3 adipocytes) and 
glycogenesis (isolated rat diaphragm) approximately 4.5- and 2.5-fold, 
respectively, and reduced the isoproterenol-stimulated lipolysis {rat 
adipocytes) up to 40-60%. The increased glucose utilization was correlated 
with a 3 -4 -fold higher 2 -deoxyglucose transport rate and amount of GLUT4 at 
the plasma membrane, as well as with increased activities of key metabolic 
enzymes {glycerol -3 -phosphate acyltransf erase , glycogen synthase) within 
the same concentration range. Furthermore, the low Km cAMP-specif ic 
phosphodiesterase was activated 1.8 -fold, whereas the cytosolic cAMP level 
and protein kinase A activity ratios were significantly lowered after 
incubation of isoproterenol-stimulated rat adipocytes with the 
sulphonylureas . In many of the aspects studied the novel sulphonylurea, 
glimepride, exhibited slightly lower ED50-values than glibenclamide. This 
study demonstrates correlations existing between drug-induced stimulation 
of glucose transport/metabolism and cAMP degradation/protein kinase A 
inhibition as well as between the relative efficiencies of 
glimepiride and glibenclamide in inducing these extra-pancreatic processes. 
Therefore, it is suggested that the stimulation of glucose utilization ^ by 
sulphonylureas is mediated by a decrease of cAMP-dependent phosphorylation 
of GLUT4 and glucose metabolizing enzymes. The therapeutic relevance of 
extra-pancreatic effects of sulphonylureas, in general, and of the 
differences between glimepiride and glibenclamide as observed in vitro in 
this work, in particular, remain to be elucidated. 
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The effect of wortmannin, a selective phosphatidylinositol 3 -kinase 
inhibitor, on the insulin- like effects of growth hormone in^ 
isolated adipocytes from rat was investigated. Wortmannin inhibited 
both the lipogenic and the antilipolytic effects (IC50 approximately 20 nM) 
with no effect on [1251] -growth hormone binding to the adipocytes. These 
data suggest that phosphatidylinositol 3 -kinase might play an 
important role in the insulin-like actions of growth hormone. 
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Incubation of rat adipocytes with wortmannin, a potent and selective 
phosphatidylinositol 3-kinase (PI 3-kinase) inhibitor, 
completely blocked the antilipolytic action of insulin (IC50 = 100 
nM) , the insulin- induced activation and phosphorylation of cGMP- 
inhibited cAMP phosphodiesterase (cGI-PDE) as well as the activation 
of the insulin-stimulated cGI-PDE kinase (IC50 - 10-30 nM) . No 
direct effects of the inhibitor on the insulin-stimulated 
cGI-PDE kinase , the cGI-PDE and the hormone -sensitive lipase were 
observed. These data suggest that activation of PI 3-kinase upstream 
of the insulin-stimulated cGI-PDE kinase in the antilipolytic 
insulin signalchain has an essential role for insulin- induced 
cGI-PDE activation/phosphorylation and anti-lipolysis . 
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Phosphatidylinositol 3-kinase (PI 3-kinase) is a heterodimer 
composed of an 85-kDa subunit that binds tyrosyl -phosphorylated proteins 
via its SH2 domains and a 110-kDa catalytic subunit. Expression and 
mutagenesis experiments have shown that the 110-kDa subunit is a dual 
specificity kinase that possesses both lipid and serine kinase 

activities. Except for the 85- and 110-kDa subunits of PI 3-kinase, 
however, no endogenous substrates for the serine kinase have been 
identified. The results of the present study show that another target of 
this kinase is the insulin receptor substrate, IRS-1. Serine 
phosphorylation of IRS-1 as well as the 85-kDa subunit of PI 3-kinase 

was demonstrated in immunoprecipitates of PI 3-kinase and IRS-1 
isolated from rat adipocytes incubated with insulin. In adipocytes 
incubated in the absence of insulin, only the serine phosphorylation 
of p85 was observed in immunoprecipitates of PI 3-kinase. Both the 
serine and lipid kinase activities of PI 3-kinase were 
abolished by the fungal metabolite Wortmannin. Wortmannin also partially 
inhibited the ability of insulin to stimulate glucose transport 
and inhibit lipolysis in fat cells. These data raise the 
possibility that the serine kinase activity of PI 3-kinase is 
involved in insulin signaling. They also suggest that 
inhibition of the lipid or serine kinase activities of PI 3- 
kinase could explain the effect of Wortmannin to diminish 
insulin action. 
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The functional properties of the growth hormone (GH) receptor was studied 
using cellular transfection of GH receptor cDNA. GH treatment (1.5-2 h) of 
Chinese hamster ovary cells, stably transfected with GH receptor cDNA 
(CH04), resulted in increased cellular lipid synthesis (240% of control). 
This effect was blocked by staurosporine , suggesting a dependence on 
cellular kinases . However, if GH treatment of CH04 cells was 
prolonged (16 h) , this instead stimulated lipolysis (128% of 
control) . The GH receptor in CH04 cells was also shown to be functional in 
terms of ligand internalization. A GH receptor mutant, in which 183 amino 
acids had been deleted in the carboxyterminal of the intracellular domain 
was functionally active, while a receptor without its intracellular domain 
was shown to be inactive. In conclusion, GH receptors expressed in CHO 
cells are functional and GH was also shown to have both an acute 
insulin- like effect, which was kinase dependent, and a 
long-term anti-insulin -like effect on the lipid metabolism. This 
suggests that an approach using GH receptor cDNA transfected cells can be 
of value in understanding the mechanism of GH action. 
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In previous studies, we demonstrated that while okadaic acid stimulates 
glucose metabolism, it suppresses the bioresponses of insulin itself 
in rat adipocytes (Shisheva and Shechter, Endocrinology 129: 2279-2288, 
1991) . Both stimulation and suppression were attributed to okadaic 
acid-dependent inhibition of protein phosphatases 1 and 2A. We report 
here that exposure of adipocytes to staurosporine prior to okadaic acid 
restored insulin-stimulated actions on glucose metabolism. The effect 
was half -maximal at staurosporine concentrations as low as 7 0 nM and was 
fully expressed (80-87% of the control) at 400-500 nM. Similarly, the 
insulin -like effect of pervanadate, which was also suppressed by 
okadaic acid, was restored completely with staurosporine pretreatment . 
Staurosporine was less effective in restoring cell responses 
inhibited by high concentrations of okadaic acid, or when added to 
the cells after okadaic acid. Cell resensitization was unique to 
staurosporine and could not be produced by various agents that reduce 



cellular protein kinase A- or protein kinase C-dependent 
phosphorylation, such as phenylisopropyl adenosine (PIA) , K-252a and GF 
109203X. Staurosporine (400 nM) partially reversed lipolysis induced 
by okadaic acid but not that induced by beta-adrenergic stimulation. PIA, 
which antagonized okadaic acid- induced lipolysis to the same extent 
as staurosporine, was not capable of restoring insulin responses. 
Further studies aimed at elucidating this reversing effect revealed that 
staurosporine did not reactivate okadaic acid-inhibited protein 
phosphatases 1 and 2A in both cellular and cell-free systems. In summary, 
we report here a unique dynamic system in which insulin and 
pervanadate bioeffects can be fully suppressed and again re-expressed 
without reactivation of protein phosphatase 1 or 2A. The precise site for 
both effects, although still obscure, appears to be downstream from 
autophosphorylated insulin receptor. 
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Significant activity of phosphatidylinositol 3 -kinase (PI 3- 
kinase ) was detected in the membrane fractions, or in the 
immunoprecipitates prepared with anti-phosphotyrosine antibodies, from rat 
adipocytes that had been incubated with insulin for 2 0 min. The PI 3- 
kinase activity in these preparations as well as in the whole cell 
lysates of adipocytes not treated with insulin was inhibited by 
the addition of wortmannin, a fungal metabolite, to the enzyme assay 
mixture. The inhibition was dependent on * the inhibitor 
concentration with IC50 being less than 10 nM and perfect inhibition 
at 100 nM. The effect of insulin to induce membrane PI 3- 
kinase activity was mostly abolished, but its effects to 
tyrosine-phosphorylate the beta-subunit of the insulin receptor or 
other cellular substrate proteins including insulin 

-receptor-substrate-1 were not at all antagonized, by wortmannin added to 
the cell incubation medium. Insulin stimulation of cellular 
2-deoxyglucose uptake and inhibition of isoproterenol -induced 
lipolysis observable in adipocytes under the same conditions were 
also antagonized by wortmannin added in the same concentration range as 
used for the inhibition of insulin-susceptible PI 3- 
kinase . It is concluded, therefore, that activation of 
wortmannin-sensitive PI 3 -kinase plays a pivotal role in the 
intracellular signaling pathways arising from the insulin receptor 
autophosphorylation and leading to certain metabolic responses. 
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Previous studies have shown that the combination of vanadate and H202 
generates peroxide (s) of vanadate (pervanadate) that is able to mimic 
insulin in stimulating lipogenesis or protein synthesis and 
inhibiting lipolysis in rat adipocytes. Here we report that 
pervanadate is a potent trigger of 3 -O-methylglucose transport in rat 
adipocytes, with an effective concentration of 5 microM and a maximum at 2 0 
microM. Moreover, pervanadate produced an additional activation of 
approximately 60% on glucose influx in cells treated with maximally 
activating concentrations of insulin . Vanadate was ineffective in 
potentiating insulin -stimulated glucose uptake. Quercetin, a 
bioflavonoid that inhibits insulin receptor tyrosine 
kinase , blunted this effect of pervanadate. Treatment of adipocytes 
with pervanadate inhibited protein phosphotyrosyl phosphatase 
activity of cell extracts in a dose -dependent manner, with an ID50 of 5 
microM and complete inhibition at 80 microM. In contrast, vanadate 
(1-800 microM) did not appreciably inhibit cell phosphotyrosyl 
phosphatases. The inhibitory effect of pervanadate correlated with 
the increase in protein phosphotyrosine accumulation, as determined by 
Western blotting with antiphosphotyrosine antibodies. The most prominent 
phosphotyrosine-containing band detected in pervanadate-treated adipocytes 
was that of autophosphorylated insulin receptor, identified by 
immunoblotting or immunoprecipitation with antiinsulin receptor antibodies. 
The addition of insulin to pervanadate-treated adipocytes (2 0 microM) 
caused a further increase (approximately 70%) in receptor 
autophosphorylation. In a cell-free system using partially purified 
insulin receptor devoid of tyrosine phosphatase activity, pervanadate 
did not stimulate the receptor autophosphorylation or interfere with the 
stimulating effect of insulin . These results suggest that 1) ^ 
pervanadate triggers glucose uptake by increasing autophosphorylation of 
insulin receptor, preventing its dephosphorylation; 2) under 
physiological conditions, cellular protein phosphotyrosyl phosphatase 
activity is high, thereby significantly opposing insulin-mediated 
hexose transport; and 3) pervanadate has the unique ability to markedly 
increase maximal cell responsiveness in stimulating glucose ^ transport 
achieved at a saturating insulin concentration. These findings 
suggest a possible clinical application in the management of glucose uptake 
in pathological conditions of insulin resistance and 
hyperinsulinemia . 
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Rainbow trout were used to investigate the hormonal regulation by 
glucagon and insulin of hepatic triacylglycerol (TG) lipase 
activation. Two purified preparations of the trout hepatic TG lipase 
enzyme, the 110,000-g preparation and the resuspended ammonium sulfate 
fraction (ASF), were activated up to 58% with (in mM) 0.5 ATP, 0.01 cAMP, 5 
MgCl2, and exogenous protein kinase over control levels. ATP or cAMP 
alone had no effect on activation. Activation of the trout hepatic lipase 
was reversible; complete inactivation of the ASF was obtained within 3 h in 
the presence of exogenous phosphorylase phosphatase. Adenosine 3' ,5' -cyclic 
monophosphate (cAMP) /ATP -dependent 32P-phosphorylation of trout hepatic 
lipase was observed within 5 min of incubation with the cAMP/ATP-Mg2+ 
activation system and 25 microCi [32P]ATP. Hormonal modulation of trout 
hepatic lipase phosphorylation was studied in isolated hepatocytes. 
Hepatocytes were incubated with [32P] -monopotassium phosphate for 3 h, then 
exposed to mammalian glucagon (GLU) . Within 5 min, increased 
lipolysis was accompanied by a 95% increase in phosphorylation of the 
enzyme. Mammalian insulin (INS) depressed GLU-stimulated 
phosphorylation by 56% and inhibited GLU-stimulated lipolysis. 
These results indicate that GLU and INS modulate lipolysis in trout 
liver by altering phosphorylation of the TG lipase enzyme. 
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In previous studies we have identified a cytosolic protein tyrosine 
kinase (CytPTK) in rat adipocytes that is largely activated in 
vanadate -pretreated cells (Shisheva, A., and Shechter, Y. (1992) FEBS Lett. 
300, 93-96) . We report here that staurosporine and its analog K-252a are 
highly potent (ID50 = 3 and 100 nM, respectively) in inhibiting 
CytPTK activity of crude cell extract or partially purified enzyme 
preparations. Staurosporine and K-252a were less effective by more than 2 
and 1 orders of magnitude, respectively, in inhibiting insulin 
receptor-catalyzed PolyGlu4Tyr phosphorylation in cell-free experiments. 
Preincubation of rat adipocytes with either staurosporine ^ or K-252a 
selectively blocked the action of vanadate in activating glucose 
incorporation into lipids and its oxidation. Thus, staurosporine 
inhibited vanadate-stimulated lipogenesis and glucose oxidation (via 
glycolysis and the pentose phosphate pathway) in a concentration-dependent 
manner with ID50 of 75 and 300 nM, respectively. Insulin-stimulated 
bioeffects were not inhibited at this low range of staurosporine 
concentration. Staurosporine had no effect on vanadate- stimulated ^ hexose 
uptake or on vanadate's antilipolytic action. Using staurosporine, we 
probed those insulinomimetic agents which facilitate their biological 
activity via the insulin receptor kinase (insulin, wheat 

germ agglutinin, concanavalin A, and pervanadate) or via CytPTK (vanadate 
and to a certain degree Mn2+ and Zn2+) . These results suggest that (a) 
vanadate facilitates its insulin-like actions on glucose utilization 
via the cytosolic tyrosine kinase and (b) this enzyme does not 



participate in vanadate effects in stimulating hexose uptake and m 
inhibiting lipolysis. These findings explain further vanadate's 
post-insulin receptor actions and raise possible application in the 
management of glucose metabolism in insulin- independent fashion in 
pathological conditions. 
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We report here that quercetin, a naturally occurring bioflavonoid, is an 
effective blocker of insulin receptor tyrosine kinase-catalyzed 
phosphorylation of exogenous substrate. The ID50 was estimated to be 2 +/- 
0.2 microM in cell -free experiments, using a partially purified 
insulin receptor and a random copolymer of glutamic acid and tyrosine 
as a substrate. Insulin -stimulated aut ©phosphorylation of the ^ 
receptor itself was not blocked by quercetin (up to 500 microM) . In intact 
rat adipocytes, quercetin inhibited insulin-stimulating effects 
on glucose transport, oxidation, and its incorporation into lipids. 
Inhibition of lipogenesis (50%) occurred at 47 +/- 4 microM, whereas 
full inhibition was evident at 110 +/- 10 microM quercetin. In 
contrast, the effect of insulin in inhibiting lipolysis 

remained unaltered in quercetin-treated adipocytes. The inhibitor 
was devoid of general adverse cell affects. Basal activities and the 
ability of lipolytic agents to stimulate lipolysis were not affected. 
Inhibition by quercetin enabled us to evaluate which 
insulinomimetic agents are dependent on tyrosine phosphorylation of 
endogenous substrates for stimulating glucose metabolism. Quercetin blocked 
lipogenesis mediated by insulin , wheat germ agglutinin, and 
concanavalin A. The lipogenic effect of Zn2+ and Mn2+ was partially 
blocked, whereas that of vanadate was not affected at all . (ABSTRACT 
TRUNCATED AT 2 50 WORDS) 
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Genistein, an isoflavone putative tyrosine kinase inhibitor, 
was used to investigate the coupling of insulin receptor tyrosine 
kinase activation to four metabolic effects of insulin in the 
isolated rat adipocyte. Genistein inhibited insulin-stimulated 
glucose oxidation in a concentration-dependent manner with an ID50 of 25 
micrograms/ml and complete inhibition at 100 micrograms/ml. Genistein 
also prevented insulin's (10 (-9) M) inhibition of 
isoproterenol-stimulated lipolysis with an ID50 of 15 micrograms/ml 
and a complete effect at 50 micrograms/ml. The effect of genistein (25 
micrograms/ml) was not reversed by supraphysiological (10 (-7) M) 
insulin levels. In contrast, genistein up to 100 micrograms/ml had no 
effect on insulin 's (10 (-9) M) stimulation of either pyruvate 
dehydrogenase or glycogen synthase activity. We determined whether 
genistein influenced insulin receptor beta-subunit 

autophosphorylation or tyrosine kinase substrate phosphorylation 
either in vivo or in vitro by anti-phosphotyrosine immunoblotting . 
Genistein at 100 micrograms/ml did not inhibit insulin's 
(10 (-7) M) stimulation of insulin receptor tyrosine 
autophosphorylation or tyrosine phosphorylation of the cellular substrates 
ppl85 and pp60. Also, genistein did not prevent insulin-stimulated 
autophosphorylation of partially purified human insulin receptors 
from NIH 3T3/HIR 3.5 cells or the phosphorylation of histones by the 
activated receptor tyrosine kinase . In control experiments using 
either NIH 3T3 fibroblasts or partially purified membranes from these 
cells, genistein did inhibit piatelet-derived growth factors 
stimulation of its receptor autophosphorylation. These findings indicate 
the following: (a) Genistein can inhibit certain responses to 
insulin without blocking insulin's stimulation of its receptor 
tyrosine autophosphorylation or of the receptor kinase substrate 
tyrosine phosphorylation. (b) In adipocytes genistein must block the 
stimulation of glucose oxidation and the antilipolytic effects of 
insulin at site(s) downstream from the insulin receptor 
tyrosine kinase. (c) The inhibitory effects of genistein on 
hormonal signal transduction cannot necessarily be attributed to 
inhibition of tyrosine kinase activity, unless specifically 
demonstrated . 
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The effects of insulin were evaluated on adipocytes isolated frorn^ 
three different anatomical sites in male, Sprague-Dawley rats: epididymal 
(EPI) , retroperitoneal (RP) , and dorsal subcutaneous (SC) . The results 
indicated that maximal insulin -stimulated glucose transport was 
significantly lower (P less than 0.001) in cells from the SC region as 
compared to EPI and RP cells. In addition, the ED50 value for SC cells (259 
+ /- 34 pmol/1) was significantly higher than for EPI (66 +/- 5 pM) or RP 



adipocytes (111 +/- 32 pmol/1) . Insulin inhibition of 
catecholamine -induced lipolysis was also significantly greater (P 
less than 0.001) in EPI cells as compared to RP or SC adipocytes, and that 
was true when expressed in absolute or relative terms. The decrease in the 
ability of insulin to either stimulate glucose transport or 
inhibit catecholamine induced lipolysis in SC cells was 
associated with a decrease in insulin receptor autophosphorylation 
and receptor tyrosine kinase activity. These data show that 
insulin action on isolated adipocytes varies as a function of 
anatomical site, and that these changes are associated with variations in 
insulin receptor autophosphorylation and insulin receptor 
tyrosine kinase activity. 
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The insulin -like effects of okadaic acid (OKA) in rat adipocytes 
were further characterized. Okadaic acid did not alter insulin 
receptor function. This includes undisturbed insulin binding and 
receptor-mediated ligand internalization in OKA-treated cells. Also, the 
tyrosine kinase activity of the insulin receptor was not 
modified in a cell-free system. The stimulating effects of OKA were 
significantly increased by preincubating (40 min) the cells at 37 C. At 
lower temperatures (i.e. 26-30 C) , OKA did not mimic insulin. Maximal 
stimulation of lipogenesis occurred at 0.5 microM and then declined at 
higher concentrations. The insulin-like effects of OKA on lipogenesis 
did not persist after removal of the agent by washing at 37 C. Okadaic acid 
maximally stimulated the incorporation of [1-14C] glucose into lipids and 
the oxidation of [6 -14C] glucose into 14C02, but unlike insulin, it 
had little if any effect of oxidizing [1-14C] glucose to 14C02 or 
incorporating [6 - 14C] glucose into lipids. Okadaic acid was equivalent to 
insulin in stimulating 3 -O-methyl-glucose uptake. Since the 
insulin -like effects of OKA did not persist after preincubation and 
washing, the effects of insulin in OKA-treated cells could be 
evaluated. The adipocytes were found to be fully refractory to the 
modulating actions of insulin. Thus, insulin did not stimulate 
glucose transport, its oxidation, or its incorporation into lipids, and 
failed to reverse lipolysis . Unresponsiveness was fully developed 
after 40-min preincubation at 37 C with 3 microM OKA and was half-maximal 
at 0.13 microM OKA. It persisted at least over a period of 150 min. The 
effect of OKA was restricted to the stimulating actions of insulin 
and vanadate. Basal activities were not altered, nor was the ability of the 
desensitized cells to respond to isoproterenol. The lack of an 
insulin -like effect of OKA on some metabolic pathways enabled us to 
demonstrate that OKA (0.25 microM) also rendered adipocytes fully 
unresponsive to insulin in the continuous presence of the agent. 
Western blotting of the 40,000 x g pellets with antibodies to 
phosphotyrosine revealed the appearance of a protein with an apparent mol 
wt of 43,000 in OKA-desensit ized cells. In summary, OKA mimics some of 



insulin bioeffects, but concomitantly renders the cells tolerant to 
the modulating action of the hormone itself. 



9/3,AB/42 (Item 42 from file: 155) 

DIALOG (R) File 155 :MEDLINE (R) 

(c) format only 2003 The Dialog Corp. All rts. reserv. 

07149322 92011518 PMID: 1655732 

Effects of okadaic acid on insulin-sensitive cAMP phosphodiesterase 
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Okadaic acid, a potent inhibitor of Type 1 and Type 2A protein 
phosphatases, was used to investigate the mechanism of insulin action 
on membrane -bound low Km cAMP phosphodiesterase in rat adipocytes. Upon 
incubation of cells with 1 microM okadaic acid for 2 0 min, 
phosphodiesterase was stimulated 3.7- to 3.9-fold. This stimulation was 
larger than that elicited by insulin (2.5- to 3.0-fold). Although 
okadaic acid enhanced the effect of insulin, the maximum effects of 
the two agents were not additive. When cells were pretreated with 
1- (5-isoquinolinylsulfonyl) -2 -methylpiperazine (H-7) , the level of 
phosphodiesterase stimulation by okadaic acid was rendered smaller, similar 
to that attained by insulin. In cells that had been treated with 2 mM 
KCN, okadaic acid (like insulin ) failed to stimulate 
phosphodiesterase, suggesting that ATP was essential. Also, as reported 
previously, the effect of insulin on phosphodiesterase was reversed 
upon exposure of hormone- treated cells to KCN. This deactivation of 
previously-stimulated phosphodiesterase was blocked by okadaic acid, but 
not by insulin. The above KCN experiments were carried out with cells 
in which A-kinase activity was minimized by pretreatment with H-7. 
Okadaic acid mildly stimulated basal glucose transport and, at the same 
time, strongly inhibited the action of insulin thereon. It is 
suggested that insulin may stimulate phosphodiesterase by promoting 
its phosphorylation and that the hormonal effect may be reversed by a 
protein phosphatase which is sensitive to okadaic acid. The hypothetical 
protein kinase thought to be involved in the insulin-dependent 
stimulation of phosphodiesterase appears to be more H- 7 -resistant than A- 
kinase . 
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Adipocytes are physiological targets for GH in both growing and 
nongrowing individuals. In adipocytes that have been deprived of GH for at 
least 3 h, GH initially produces a response that is characterized by 
increased metabolism of glucose and inhibition of the lipolytic 
effects of catecholamines. This insulin-like effect disappears within 
2-3 h despite continued stimulation and cannot be elicited again unless 
cells are deprived of GH for at least 3 h. Despite refractoriness to the 
insulin -like action of GH, the lipolytic effect of GH is evident at 
this time. Although termination of the insulin-like response and 
induction of both refractoriness and lipolysis all depend upon 
synthesis of RNA and proteins, these 3 effects of GH appear to be neither 
temporally nor causally related. Scatchard analysis of ligand binding data 
suggests that these various effects are produced by interaction of GH with 
a single class of receptors. However, since modification of either the 
hormone or the carbohydrate moiety of the receptor can selectively 
attenuate either the insulin -like or the lipolytic response, more 
than one hormone receptor interaction is likely. Northern analysis 
indicates the presence of at least 2 alternately spliced mRNA transcripts 
for the GH receptor, and at least 3 different complexes are seen after GH 
is covalently crosslinked to intact adipocytes. Refractoriness does not 
result from changes in either the number or affinity of GH receptors, but 
may result from increased cytosolic calcium. Although the protein 
kinase C activator phorbol myristate acetate mimics both the 
insulin -like and lipolytic actions of GH, increased activity of 
protein kinase C probably does not mediate either action of GH. The 
intracellular mediators of the diverse actions of GH are unknown at this 
time . 
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In 32P04-labeled adipocytes, isoproterenol (ISO) or physiologically 
relevant concentrations of insulin rapidly increased phosphorylation 
of a particulate 135-kDa protein which has been identified as a cGMP- 
inhibited "low Km" cAMP phosphodiesterase (CGI-PDE) by several 
criteria, including selective immunoprecipitation with anti-CGI-PDE IgG 
(Degerman, E., Smith, C.J., Tornqvist, H. , Vasta, V., Belfrage, P., and 
Manganiello, V.C. (1990) Proc . Natl. Acad. Sci. U.S.A. 87 , ^ 533 -537) . The 
time courses and concentration dependences for phosphorylation of CGI-PDE 
by ISO and insulin correlated with CGI-PDE activation in the presence 
of these agents; effects of ISO were somewhat more rapid than those of 
insulin. Adenosine deaminase, which metabolizes the adenylate cyclase 
inhibitor adenosine, also rapidly induced phosphorylation and 
activation of CGI-PDE. Phenylisopropyladenosine (an adenosine 
deaminase-resistant adenosine analog) prevented or reversed both adenosine 



deaminase-stimulated phosphorylation and activation of CGI-PDE (IC50 
approximately 0.2 nM) . Incubation of adipocytes with 0.1 nM insulin 
in the presence of ISO rapidly produced 30-200% greater activation and 
phosphorylation of CGI-PDE than the expected added effects of insulin 
and ISO individually; both effects preceded the insulin-induced 
decreases in protein kinase A activity and inhibition of 
lipolysis . These and other results indicate that CGI-PDE can be 
phosphorylated at distinct sites and activated by cAMP- dependent and 
insulin-dependent serine kinase (s) , that the activation state 
of CGI-PDE reflects its relative phosphorylation state, and that 
synergistic phosphorylation/activation of CGI-PDE may be important in the 
antilipolytic action of insulin. 
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To examine the insulin antagonistic effects of growth hormone (GH) , 
seven healthy subjects underwent, in random order, two 5-h euglycemic clamp 
studies with moderate hyperinsulinemia . A GH infusion (45 ng.kg-1 .min-1) 
was given throughout one of the studies. GH inhibited the 
insulin -stimulated glucose disposal by 27% from 4.4 +/- 0.7 to 3.3 
+/- 0.4 mg.kg-1 .min-1 (P less than 0.02) and raised the nonprotein energy 
expenditures (NPEE) from 18.7 +/- 0.5 to 20.5 +/- 0.3 kcal.kg-1.24 h-1 (P 
less than 0.03). Lipid oxidation contributed 71.7 + /- 5.6% of NPEE during 
the GH infusion as compared with 48.7 +/- 5.2% during the control clamp (P 
less than 0.02). In skeletal muscle biopsies, insulin binding to 
wheat germ agglutinin-purif ied insulin receptors and insulin 

receptor kinase activity were unaffected by GH infusion. Glycogen 
synthase activation by insulin was inhibited by 41% during the 
GH clamp (fractional velocity 14.1 +/- 2 . 5 vs . 8.3 +/- 1.4%, P less than 
0.03). In conclusion, GH 1) increases energy^ expenditures and 
inhibits glucose oxidation in favor of an increased lipid oxidation, 
and 2) inhibits insulin -mediated activation of the glycogen 
synthase in skeletal muscle biopsies by a mechanism distal to insulin 

receptor binding and kinase activity. 
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Partially permeabilized rat adipocytes with a high responsiveness to 
insulin were prepared by electroporation and used to study the effect 
of 1- (5-isoquinolinylsulfonyl) -2 -methylpiperazine (H-7) on insulin 
actions in adipocytes. H-7 is a well -documented inhibitor of several 
protein kinases, including protein kinase C; however, it does 
not rapidly enter adipocytes protected with the intact plasma membrane. The 
cells were suspended in Buffer X [4.74 mM NaCl, 118.0 mM KCl, 0.38 mM 
CaCl2, 1.00 mM EGTA, 1.19 mM Mg2S04, 1.19 mM KH2P04, 25.0 mM Hepes/K, 20 
mg/ml' bovine serum albumin, and 3 mM pyruvate/Na, pH 7.4] ^ and 
electroporated six times with a Gene-Pulser (from Bio-Rad) set at 25 microF 
and 2 kV/cm. In cells electroporated as above, insulin stimulated (a) 
membrane -bound, cAMP phosphodiesterase approximately 2.6-fold when the 
hormone concentration was 10 nM and (b) glucose transport activity 
approximately 4.5-fold when the hormone concentration was raised to 100 nM. 
H-7 strongly inhibited the actions of insulin on both glucose 
transport (apparent Ki = 0.3 mM) and cAMP phosphodiesterase ^ (apparent Ki = 
1.2 mM) in electroporated adipocytes. H-7 also inhibited 
lipolysis in adipocytes; the apparent Ki value for the reaction in 
intact cells was 0.45 mM, and that in electroporated cells was 0.075 mM. It 
is suggested that a certain protein kinase or kinases that are 
significantly sensitive to H-7 may be involved in the insulin 
-dependent stimulation of glucose transport and that of phosphodiesterase. 
However, protein kinase C (or Ca2+/phospholipid-dependent protein 
kinase ) may not be involved, at least, in the hormonal action on^ 
phosphodiesterase since the apparent Ki value of H-7 for the reaction is 
too high. 
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ABSTRACT: Lipolysis in white fat cells plays a central role in the 
regulation of energy balance. Triacylglycerols (TAG) stored in the 
adipocytes are hydrolysed consecutively to hormone sensitive lipase (HSL) 
activation during the stimulation of lipolysis. HSL catalyses the 
hydrolysis of TAG to diacylglycerol and then to monoacylglycerol . The 
hydrolysis of the monoacylglycerol -fatty acid bond is assured by a 
monoacylglycerol lipase. HSL is phosphorylated by the cAMP- dependent 
protein kinase. Genomic organization and functional domains of 
rodent and human hormone -sensitive lipase have recently been studied. 
Acute regulation of HSL by catecholamines and insulin is well 
documented. Non-esterif ied fatty acids and glycerol released by adipose 
tissue are taken up by other tissues where they are metabolized. The 
local blood flow in adipose tissue modulates the mobilization and the 



re-utilization of fatty acids. Local blood flow and lipolysis are 
regulated by hormonal factors and influenced by a number of 
physiological factors such as diets, exercise, aging and sex. 
Insulin and catecholamines are the major hormonal regulators of 
lipolysis. Their control of lipolysis is subjected to 

variations according to the anatomical localization of adipose tissue 
deposits. In human, lipolysis differs in visceral and subcutaneous 
deposits. Insulin exerts its antilipolytic action through the 
stimulation of adipocyte phosphodiesterase 3B. Four adrenoceptor subtypes 
are involved in the adrenergic regulation of white and brown fat cell 
lipolysis. The control of adenylyl cyclase activity involves 
stimulatory betal-, beta2- and beta3 -adrenergic receptors and 
inhibitory alpha2 -adrenoceptors . Many clinical disorders are 
accompanied by alteration in adipocyte lipolysis. Alteration of 
hormone-sensitive lipase activity and of catecholamine -induced 
lipolysis have been reported in obesity, familial combined 
hyperlipidemia, insulin resistance syndrome and diabetes. Changes 
in beta- and alpha2- adrenoceptor ratios and function as well as 
impairment of HSL function have been proposed to explain the lipolytic 
disturbances . 

1998 
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Multiple signaling pathways involved in the metabolic effects of 
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ABSTRACT: The metabolic effects of insulin are initiated by the 
binding of insulin to the extracellular domain of the insulin 
receptor within the plasma membrane of muscle and adipose and liver 
cells. The subsequent activation of the intracellular tyrosine protein 
kinase activity of the receptor leads to autophosphorylation of the 
receptor as well as phosphorylation of a number of intracellular 
proteins. This gives rise to the activation of Ras and 
phosphatidylinositol 3 -kinase and hence to the activation of a 
number of serine/threonine protein kinases. Many of these 
kinases appear to be arranged in cascades, including a. cascade that 
results in the activation of mitogen-activated protein kinase and 
another that may result in the activation of protein kinase B, 
leading to the inhibition of glycogen synthase kinase- 3 and 
the activation of the 70 kiloDalton ribosomal S6 protein kinase 
(p70 S6 kinase) . We have explored the role of these early events in 
the stimulation of glycogen, fatty acid, and protein synthesis by 
insulin in rat epididymal fat cells. Comparisons have been made 
between the metabolic effects of insulin and those of epidermal 
growth factor, since these 2 agents have contrasting effects on p70 S6 
kinase and mitogen-activated protein kinase. The effects of 
wortmannin (which inhibits phosphatidylinositol 3 -kinase), 
and rapamycin (which blocks the activation of p70 S6 kinase) have 
also been studied. These and other studies indicate that the 
mitogen-activated protein kinase cascade is probably not important 



in the acute metabolic effects Of insulin, but may have a role in 

the regulation of gene transcription and hence the more long-term effects 

of insulin. The short-term metabolic effects of insulin 

appear to involve at least 3 distinct signaling pathways: (1) those 

leading to increases in glucose transport and the activation of glycogen 

synthase, acetyl-CoA carboxylase, eukaryotic initiation Factor-2B, and 

phosphodiesterase, which may involve phosphatidylinositol 3 -kinase 

and protein kinase B; (2) those leading to some of the effects of 

insulin on protein synthesis (formation of eukaryotic initiation 

factor-4F complex, S6 phosphorylation, and activation of eukaryotic 

elongation factor-2) , which may involve phosphatidylinositol 3- 

kinase and p70 S6 kinase; and finally, (3) that leading to 

the activation of pyruvate dehydrogenase, which is unique in apparently 

not requiring activation of phosphatidylinositol 3 -kinase. 
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ABSTRACT: Insulin is an important regulator of glucose transport and 
lipolysis in adipocytes. The present studies compared the effects 
of insulin in rat adipocytes with the effects of oxytocin and 
peroxovanadate, which mimic some effects of insulin. The 
antilipolytic effects of peroxovanadate and oxytocin were unaffected by 
500 nmol/L wortmannin, which blocked the antilipolytic action of 
insulin. However, wortmannin, which is a relatively specific 
inhibitor of phosphatidylinositol 3 -kinase, did block most of 
the stimulation of glucose metabolism by peroxovanadate while having 
little effect on that due to oxytocin. Under appropriate conditions, it 
was also possible to demonstrate a lipolytic action of insulin, 
especially with low (0.1 to 1 nmol/L) concentrations of insulin 
after exposure of adipocytes to 50 nmol/L wortmannin. The data provide 
additional support for the hypothesis that oxytocin and peroxovanadate 
affect adipose tissue metabolism by mechanisms distinctly different from 
those involved in insulin action. 
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Essential role of phosphatidylinositol 3-kinase in insulin 

-induced activation and phosphorylation of the cGMP- inhibited cAMP 
phosphodiesterase in rat adipocytes. 
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ABSTRACT: Incubation of rat adipocytes with wortmannin, a potent and 
selective phosphatidylinositol 3 -kinase (PI 3 -kinase) 
inhibitor, completely blocked the antilipolytic action of 
insulin (IC-50 apprxeq 100 nM) , the insulin- induced 
activation and phosphorylation of cGMP- inhibited cAMP 
phosphodiesterase (cGI-PDE) as well as the activation of the 
insulin-stimulated cGI-PDE kinase (IC-50 apprxeq 10- 30 nM) . 
No direct effects of the inhibitor on the insulinstimulated 
cGI-PDE kinase, the cGI-PDE and the hormone -sensitive lipase were 
observed. These data suggest that activation of PI 3 -kinase 
upstream of the insulin-stimulated cGI-PDE kinase in the 
antilipolytic insulin signal chain has in essential role for 
insulin- induced cGI-PDE activation/phosphorylation and anti- 
lipolysis . 
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Histamine -induced depolarization and the cyclic AMP-protein kinase A 

system in isolated guinea pig adipocytes. 
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ABSTRACT: The relationship between histamine (Hi) -induced depolarization ^ 
and the cyclic AMP system in adipocytes was studied in guinea pigs, which 
seem to be more sensitive than rats to Hi. Hi caused a dose -dependent 
depolarization in guinea pig mesenterial and epididymal adipocytes with 
EC-50 values of 1.69 times 10-7 M and 1.19 times 10-7 M, respectively. 
Guinea pig adipocytes were 2 80-750 times more sensitive than rat 
adipocytes to Hi. Isoproterenol, forskolin and 

3-isobutyl-l-methylxanthine (IBMX) also caused a depolarization, and the 
slopes of the concentration response lines for these drugs were almost 
the same as that for Hi. Furthermore, pretreatment with these drugs 
resulted in a potentiation of Hi -induced depolarization at lower 
concentrations which are not effective when each drug is used alone. In 
addition, Hi -induced depolarization was inhibited by pretreatment 
with prostaglandin E-l (PGE) and insulin dose-dependently . The 
content of cyclic AMP in adipocytes was increased by Hi (10-7 M) in 
association with a decrease in membrane potential, KT5720, a protein 
kinase A inhibitor, which provides no significant effect even 
at a concentration of 10-6 M, showed an antagonistic effect on Hi-induced 
depolarization. 
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HORMONE -SENSITIVE CYCLIC GMP- INHIBITED CYCLIC AMP PHOSPHODIESTERASE 
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RECORD TYPE: Abstract 
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ABSTRACT: In 32P04 - labeled adipocytes, isoproterenol (ISO) or 
physiologically relevant concentrations of insulin rapidly 
increased phosphorylation of a particulate 135 -kDa protein which has been 
identified as a cGMP- inhibited "low km" cAMP phosphodiesterase 
(CGI-PDE) by several criteria, including selective immunoprecipitation 
with anti-CGI-PDE IgG (Degerman, E., Smith, C.J. Tornqvist, H. Vasta, V. , 
Belfrag, P., and Manganiello, V.C. (1990) Proc . Natl. Acad. Sci . U.S.A. 
87, 533-537) . The time courses and concentration dependences for 
phosphorylation of CGI-PDE by ISO and insulin correlated with 
CGI-PDE activation in the presence of these agents: effects of ISO were 
somewhat more rapid than those of insulin. Adenosine deaminase, 
which metabolizes the adenylate cyclase inhibitor adenosine, also 
rapidly induced phosphorylation and activation of CGI-PDE. 
Phenylisopropyladenosine (an adenosine deaminase-resistant adenosine 
analog) prevented or reversed both adenosine deaminase-stimulated 
phosphorylation and activation of CGI-PDE (IC50 .apprxeq. 0.1 nM) . 
Incubation of adiopyctes with 0 . 1 nM insulin in the presence of ISO 
rapidly produced 30-200% greater activation and phosphorylation of 
CGI-PDE than the expected added efects of insulin and ISO 
individually; both effects preceded the insulin- induced decreases 
in protein kinase A activity and inhibition of lypolysis. 
These and other results indicate that CGI-PDE can be phosphorylated at 
distinct sites and activated by cAMP -dependent and insulin 
-dependent serine kinase(s), that the activation state of CGI-PDE 
reflects its relative phosphorylation state, and that synergistic 
phosphorylation/activation of CGI-PDE may be important in the 
antilipolytic action of insulin. 

* 
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EVIDENCE THAT PROTEIN KINASE C MAY NOT BE INVOLVED IN THE 

INSULIN ACTION ON CYCLIC AMP PHOSPHODIESTERASE STUDIES WITH 
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INSULIN 
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ABSTRACT: Partially permeabilized rat adipocytes with a high responsiveness 
to insulin were prepared by electroporation and used to study the 
effect of 1- (5-isoquinolinylsulf onyl) -2 -methylpiperazine (H-7) on 
insulin actions in adipocytes. H-7 is a well -documented 
inhibitor of several protein kinases, including protein 
kinase C; however, it does not rapidly enter adipocytes protected 
with the intact plasma membrane. The cells were suspended in Buffer X 

[4.74 nM NaCl, 118.0 mM KC1 , 0.38 mM CaCl2 , 1.00 mM EGTA, 1.19 mM Mg2S04, 
1.19 mM KH2P04, 25.0 mM Hepes/K, 20 mg/ml bovine serum albumin, and 3 mM 
pyruvate/Na, pH 7.4] and electroporated six times with a Gene-Pulser 

(from Bio-Rad) set at 25 .mu.F and 2 kv/cm. In cells electroporated as 
above, insulin stimulated (a) membrane -bound, cAMP 

phosphodiesterase approximately 2.6-fold when the hormone concentration 
was 10 nM and (b) glucose transport activity approximately 4.15-fold when 
the hormone concentration was raised to 100 nM. H-7 strongly 
inhibited the actions of insulin on both glucose transport 
(apparent Ki = 0.3 mM) and cAMP phosphodiesterase (apparent Ki = 1.2 mM) 
in electroporated adipocytes. H-7 also inhibited lipolysis in 
adipocytes; the apparent Ki value for the reaction in intact cells was 
0.45 mM, and that in electroporated cells was 0.075 mM. It is suggested 
that a certain protein kinase or kinases that are 
significantly sensitive to H-7 may be involved in the insulin 
-dependent stimulation of glucose transport and that of 
phosphodiesterase. However, protein kinase C (or 

Ca2+/phospholipid-dependent protein kinase) may not be involved, at 
least, in the hormonal action on phosphodiesterase since the apparent Ki 
value of H-7 for the reaction is too high. 
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ABSTRACT: We have previously shown that normal Wistar rats fed for 3 weeks 
with an isocaloric sucrose-rich (63%) diet (SRD) develop high levels of 
plasma free fatty acids and increased triacylglycerol content in the 
myocardium. We are now reporting that these changes are accompanied by 
remarkably low levels of the active form of the pyruvate dehydrogenase 
complex (PDHa; mean .+-. SEM , 37.2% .+-. 3.7% of the total activity) when 
compared with levels found in hearts donated by control rats fed the 
standard chow diet (STD; 71.0% .+-. 2.8%; P < .01). Increased 
concentrations of both long-chain acyl-CoA (0.21 .+-. 0.03 v 0.06 .+-. 
0.01 .mu.mol . cntdot . g dry weight -1 found in STD; P < .01) and 
acetyl-CoA (0.17 .+-. 0.05 v 0.09 .+-. 0.01 found in STD; P < .01), as 
well as a relative decrease in coenzyme A (CoASH) (0.21 .+-. 0.02 v 0.32 
.+-. 0.05 from STD; P = NS) , resulting in an increased acetyl -CoA/ CoASH 
ratio (0.80 .+-. 0.13 v 0.29 .+-. 0.03 in STD; P < .01) may have 
stimulated the PDH kinase, leading in turn to an inactivation of 
the PDH complex. The above enzymatic and metabolic changes in the in situ 
heart of SRD-fed rats were still present after perfusing them for 35 
minutes with a Krebs-Henseleit buffer containing 11 mmol/L glucose as the 
only exogenous substrate. Since the heart triacylglycerol content at the 
end of the perfusion was comparable in control and experimental animals, 
this would indicate that SRD hearts had, in fact, a higher rate of 
intracellular lipolysis in view that the latter presented a twofold 
higher triacylglycerol content before starting the perfusion, and that 
their glycerol output was twofold larger than the one recorded in hearts 
donated by STD rats. The addition of POCA II (a CPT-I inhibitor) to 
the perfusate (10 .mu.mol/L) led to a normalization of PDHa levels 
parallel to a decrease of the acetyl -CoA/CoASH ratio and a return of 
citrate concentrations to normal, strongly suggesting that an increased 
fatty acid oxidation underlies most if not all of the above metabolic 
abnormalities found in the heart of SRD-fed rats. The present ^ findings 
lend further support to our former proposal, that this nutritionally 
induced syndrome may be an attractive experimental animal model for the 
study of some pathophysiological mechanisms involved in human non- 
insulin-dependent diabetes mellitus in general, and to gain insight 
into the metabolic abnormalities present in the diabetic heart in 
particular . 



1991 




b 155, 5 

13dec02 10:24:12 User242957 Session D557.2 
$0.00 0.072 DialUnits File410 
$0.00 Estimated cost File410 
$0.03 TELNET 

$0.03 Estimated cost this search 

$0.03 Estimated total session cost 0.233 DialUnits 



SYSTEM: OS - DIALOG OneSearch 

File 155 .-MEDLINE (R) 1966-2002/Nov W3 
*File 155: For updating information please see Help Newsl55. Alert 
feature enhanced with customized scheduling. See HELP ALERT. 

File 5:Biosis Previews (R) 1969-2002/Dec W2 
(c) 2002 BIOSIS 

*File 5: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 



Set Items Description 



s erk and inhibit? 

11450 ERK 
2060404 INHIBIT? 



SI 



7497 ERK AND INHIBIT? 



PLEASE ENTER A COMMAND OR BE LOGGED OFF IN 5 MINUTES 

? s si and py<1999 

Processing 

7497 SI 
21930938 PY<1999 
S2 1278 SI AND PY<1999 
? s s2 and lipolysis 

1278 S2 

LIPOLYSIS 
S2 AND LIPOLYSIS 



S3 



14168 
0 

lipolysis and review 

14168 LIPOLYSIS 
599315 
S4 221 
s4 and mapk 
221 
13521 



REVIEW 

LIPOLYSIS AND REVIEW 



S5 
rd s4 

.examined 50 
.examined 50 
.examined 50 
.examined 50 



S4 

MAPK 
S4 AND MAPK 



records 
records 
records 
records 



(50) 
(100) 
(150) 
(200) 



completed examining records 



? s 



S6 
s6 and 



S7 
s6 and 



S8 
s6 and 



185 RD S4 (unique items) 
(ekr and jnk) 
185 S6 
EKR 
JNK 

S6 AND (EKR AND JNK) 



S9 



25 
7353 
0 

ffA 
185 
8455 
3 

ffa 
185 
8455 
3 



S6 
FFA 

S6 AND 

S6 
FFA 
S6 AND 



FFA 



FFA 



? t s9/3,ab/all 



9/3,AB/l (Item 1 from file: 155) 

DIALOG (R) File 155: MEDLINE (R) 



13395541 21940472 PMID : 11943743 

Disordered fat storage and mobilization in the pathogenesis of insulin 
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The primary genetic, environmental, and metabolic factors responsible for 
causing insulin resistance and pancreatic beta-cell failure and the precise 
sequence of events leading to the development of type 2 diabetes are not 
yet fully understood. Abnormalities of triglyceride storage and 
lipolysis in insulin-sensitive tissues are an early manifestation of 
conditions characterized by insulin resistance and are detectable before 
the development of postprandial or fasting hyperglycemia. Increased free 
fatty acid (FFA ) flux from adipose tissue to nonadipose tissue, 
resulting from abnormalities of fat metabolism, participates in and 
amplifies many of the fundamental metabolic derangements that are 
characteristic of the insulin resistance syndrome and type 2 diabetes. It 
is also likely to play an important role in the progression from normal 
glucose tolerance to fasting hyperglycemia and conversion to frank type 2 
diabetes in insulin resistant individuals. Adverse metabolic consequences 
of increased FFA flux, to be discussed in this review, are 
extremely wide ranging and include, but are not limited to: 1) dyslipidemia 
and hepatic steatosis, 2) impaired glucose metabolism and insulin 
sensitivity in muscle and liver, 3) diminished insulin clearance, 
aggravating peripheral tissue hyperinsulinemia, and 4) impaired pancreatic 
beta-cell function. The precise biochemical mechanisms whereby fatty acids 
and cytosolic triglycerides exert their effects remain poorly understood. 
Recent studies, however, suggest that the sequence of events may be the 
following: in states of positive net energy balance, triglyceride 
accumulation in "fat-buffering" adipose tissue is limited by the 
development of adipose tissue insulin resistance. This results in diversion 
of energy substrates to nonadipose tissue, which in turn leads to a complex 
array of metabolic abnormalities characteristic of insulin-resistant states 
and type 2 diabetes. Recent evidence suggests that some of the biochemical 
mechanisms whereby glucose and fat exert adverse effects in 
insulin-sensitive and insulin-producing tissues are shared, thus 
implicating a diabetogenic role for energy excess as a whole. Although 
there is now evidence that weight loss through reduction of caloric intake 
and increase in physical activity can prevent the development of diabetes, 
it remains an open question as to whether specific modulation of fat 
metabolism will result in improvement in some or all of the above metabolic 
derangements or will prevent progression from insulin resistance syndrome 
to type 2 diabetes. 
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ISSN 0022-0302 Journal Code: 2985126R 
Document type: Journal Article; Review; Review, Academic 
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Effects of dietary fat on dairy cows are reviewed. Dietary fat did not 
affect gain in BW or body condition score after peak lactation but tended 
to increase BW loss during early lactation and body fat deposition in 
growing cattle. Dietary fat decreased de novo fatty acid synthesis in 
adipose tissue. Basal FFA release from adipose tissue in vitro and 
beta-adrenergic lipolytic responses were increased by protected 
polyunsaturated fatty acids. Dietary fat increased body fat in growing pigs 
and decreased BW loss in lactating sows . Dietary fat decreased de novo 
fatty acid synthesis and basal glycerol release in adipose tissue and 
tended to increase simultaneously beta-adrenergic lipolytic responses to 
increased membrane fluidity. Dietary fat increased body fat in rats. 
Polyunsaturated fatty acids were sometimes less efficient than saturated 
ones in increasing body fat. Lipoprotein lipase activity in adipose tissue 
generally decreased. Hepatic fatty acid synthesis was decreased sharply by 
polyunsaturated fatty acids, and adipose tissue response was less 
important. beta-Adrenergic-stimulated lipolysis decreased, and fatty 
acid esterif ication increased, particularly from saturated fatty acids. A 
trend toward insulin resistance, which was more marked with saturated fatty 
acids, occurred in adipose tissue. 
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ABSTRACT: Insulin resistance is the cornerstone for the development of 
non- insulin-dependent diabetes mellitus (NIDDM) . Free fatty acids (FFAs) 
cause insulin resistance in muscle and liver and increase hepatic 
gluconeogenesis and lipoprotein production and perhaps decrease hepatic 
clearance of insulin. It is suggested that the depressing effect of 
insulin on circulating FFA concentration is dependent on the 
fraction derived from visceral adipocytes, which have a low 
responsiveness to the antilipolytic effect of insulin. Elevated secretion 
of Cortisol and/or testosterone induces insulin resistance in muscle. 
This also seems to be the case for low testosterone concentrations in 
men. In addition, Cortisol increases hepatic gluconeogenesis. Cortisol 
and testosterone have "permissive" effects on adipose lipolysis and 
therefore amplify lipolytic stimulation; FFA, Cortisol, and 
testosterone thus have powerful combined effects, resulting in insulin 
resistance and increased hepatic gluconeogenesis. All these factors 
promoting insulin resistance are active in abdominal visceral obesity, 
which is closely associated with insulin resistance, NIDDM, and the 
"metabolic syndrome." In addition, the endocrine aberrations may provide 
a cause for visceral fat accumulation, probably due to regional 
differences in steroid-hormone -receptor density. In addition to the 
increased activity along the adrenocorticosteroid axis, there also seem 
to be signs of increased activity from the central sympathetic nervous 
system. These are the established endocrine consequences of hypothalamic 



arousal in the defeat and defense reactions. There is some evidence that 
suggests an increased prevalence of psychosocial stress factors is 
associated with visceral distribution of body fat. Therefore, it is 
hypothesized that such factors might provide a background not only to a 
defense reaction and primary hypertension, suggested previously, but also 
to a defeat reaction, which contributes to an endocrine aberration 
leading to metabolic aberrations and visceral fat accumulation, which in 
turn leads to disease. 
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Gestational diabetes mellitus (GDM) is associated with elevated 
postprandial free fatty acids (FFA) and insulin resistance; however, 
little is known about the cellular mechanisms underlying insulin resistance 
to suppress lipolysis during gestation. We evaluated the longitudinal 
changes in insulin suppression of FFA before pregnancy and in early 
(12-14 wk) and late (34-36 wk) gestation in obese subjects with normal 
glucose tolerance and in obese GDM subjects. Abdominal subcutaneous adipose 
tissue biopsies were also obtained during cesarean delivery from normal 
obese pregnant (Preg-Con) , GDM, and nonpregnant obese control 
(Non-Preg-Con) subjects during gynecological surgery. GDM subjects had 
higher basal plasma FFA before pregnancy (P - 0.055). Insulin's 
ability to suppress FFA levels declined from early to late gestation 
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in both GDM and Preg-Con subjects and was significantly less in GDM 
subjects compared with Preg-Con subjects over time (P = 0.025). Adipose 
tissue insulin receptor substrate (IRS) -1 protein levels were 43% lower (P 
= 0.02) and p85alpha subunit of phosphatidylinositol 3 -kinase was 
twofold higher (P = 0.03) in GDM compared with Preg-Con subjects. The 
levels of peroxisome prolif erator-activated receptor -gamma (PPARgamma) mRNA 
and protein were lower by 38% in Preg-Con (P = 0.006) and by 48% in GDM 
subjects (P = 0.005) compared with Non-Preg controls. Lipoprotein lipase 
and fatty acid-binding protein-2 mRNA levels were 73 and 52% lower in GDM 
compared with Preg-Con subjects (P < 0.002) . Thus GDM women have decreased 
IRS-1, which may contribute to reduced insulin suppression of 
lipolysis with advancing gestation. Decreased PPARgamma and its 
target genes may be part of the molecular mechanism to accelerate fat 
catabolism to meet fetal nutrient demand in late gestation. 
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HIV protease inhibitors (HPIs) are potent antiretroviral agents 
clinically used in the management of HIV infection. Recently, HPI ^ therapy 
has been linked to the development of a metabolic syndrome in which 
adipocyte insulin resistance appears to play a major role. In this study, 
we assessed the effect of nelfinavir on glucose uptake and lipolysis 
in differentiated 3T3-L1 adipocytes. An 18-h exposure to nelfinavir 
resulted in an impaired insulin-stimulated glucose uptake and activation of 
basal lipolysis . Impaired insulin stimulation of glucose up take 
occurred at nelfinavir concentrations >10 micromol/1 (EC (50) = 20 
micromol/1) and could be attributed to impaired GLUT4 translocation. Basal 
glycerol and free fatty acid (FFA ) release were significantly 
enhanced with as low as 5 micromol/1 nelfinavir, displaying fivefold 
stimulation of FFA release at 10 micromol/1. Yet, the antilipolytic 
action of insulin was preserved at this concentration. Potential underlying 
mechanisms for these metabolic effects included both impaired insulin 
stimulation of protein kinase B Ser 473 phosphorylation with 
preserved insulin receptor substrate tyrosine phosphorylation and decreased 
expression of the lipolysis regulator perilipin. Troglitazone pre- 
and cotreatment with nelfinavir partly protected the cells from the 
increase in basal lipolysis, but it had no effect on the impairment 
in insulin-stimulated glucose uptake induced by this HPI. This study 
demonstrates that nelfinavir induces insulin resistance and activates basal 
lipolysis in differentiated 3T3-L1 adipocytes, providing potential 
cellular mechanisms that may contribute to altered adipocyte metabolism in 
treated HIV patients. 
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Glucagon-like peptide 1 (GLP-1) is the most potent physiological incretin 
for insulin secretion from the pancreatic beta-cell, but its mechanism of 
action has not been established. It interacts with specific cell-surface 
receptors, generates cAMP, and thereby activates protein kinase A 
(PKA) . Many changes in pancreatic beta-cell function have been attributed 
to PKA activation, but the contribution of each one to the secretory 
response is unknown. We show here for the first time that GLP-1 rapidly 
released free fatty acids (FFAs) from cellular stores, thereby lowering 
intracellular pH (pHi) and stimulating FFA oxidation in clonal 
beta-cells (HIT) . Similar changes were observed with forskolin, suggesting 
that stimulation of lipolysis was a function of PKA activation in 
beta-cells. Triacsin C, which inhibits the conversion of FFAs to long-chain 
acyl CoA (LC-CoA) , enhanced basal FFA efflux as well as GLP-l-induced 
acidification and efflux of FFAs from the cell. Increasing the 
concentration of the lipase inhibitor orlistat progressively and largely 
diminished the increment in secretion caused by forskolin. However, 
glucose-stimulated secretion was less inhibited by orlistat and only at the 
highest concentration tested. Because the acute addition of FFAs also 
increases glucose-stimulated insulin secretion, these data suggest that the 
incretin function of GLP-1 may involve a major role for lipolysis in 
cAMP-mediated potentiation of secretion. 
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Masoprocol (nordihydroguaiaretic acid) , a lipoxygenase inhibitor isolated 
from the creosote bush, has been shown to decrease adipose tissue lipolytic 
activity both in vivo and in vitro. The present study was initiated to test 
the hypothesis that the decrease in lipolytic activity by masoprocol 
resulted from modulation of adipose tissue hormone -sensitive lipase (HSL) 
activity. The results indicate that oral administration of masoprocol to 
rats with fructose -induced hypertriglyceridemia significantly decreased 
their serum free fatty acid (FFA; P < 0.05), triglyceride (TG; P < 
0.001), and insulin (P < 0.05) concentrations. In addition, 
isoproterenol -induced lipolytic rate and HSL activity were significantly 
lower (P < 0.001) in adipocytes isolated from masoprocol compared with 
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Increased mobilization of non-esterif ied fatty acids (NEFA) from visceral 
as opposed to peripheral fat depots can lead to metabolic disturbances 
because of the direct portal link between visceral fat and the liver. 
Compared with peripheral fat, visceral fat shows a decreased response to 
insulin . The mechanisms behind these site variations were 
investigated by comparing insulin action on NEFA metabolism with 
insulin receptor signal transduction through the insulin 
receptor substrate- 1 (IRS-1) pathway in omental (visceral) and subcutaneous 
human fat obtained during elective surgery. Insulin inhibited 
lipolysis and stimulated NEFA re-esterif ication . This was 
counteracted by wortmannin, an inhibitor of phosphaditylinositol (PI) 
3 -kinase. The effects of insulin on antilipolysis and NEFA 
re-esterif ication were greatly reduced in omental fat cells. Insulin 
receptor binding capacity, mRNA and protein expression did not differ 
between the cell types. Insulin was four times more effective in 
stimulating tyrosine phosphorylation of the insulin receptor in 
subcutaneous fat cells (p < 0.001). Similarly, insulin was two to 
three times more effective in stimulating tyrosine phosphorylation of IRS-1 
in subcutaneous fat cells (p < 0.01). This finding could be explained by 
finding that IRS-1 protein expression was reduced by 50 +/- 8% in omental 
fat cells (p < 0.01). In omental fat cells, maximum insulin 
-stimulated association of the p85 kDa subunit of PI 3 -kinase to 
phosphotyrosine proteins and phosphotyrosine associated PI 3 -kinase 
activity were both reduced by 50% (p < 0.05 or better). Thus, the ability 
of insulin to induce antilipolysis and stimulate NEFA 
re-esterif ication is reduced in visceral adipocytes. This reduction can be 
explained by reduced insulin receptor autophosphorylation and signal 
transduction through an IRS-1 associated PI 3-kinase pathway in 
visceral adipocytes . 
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Mechanisms regulating adipocyte lipolysis are reviewed in three 
stages. The first stage examines plasma membrane hormone receptors and 
G-proteins. The primary regulators of adipose tissue lipolysis, the 
catecholamines, bind to the alpha 2, beta 1, beta 2, and beta 3 adrenergic 
receptors. The alpha 2 receptor couples with Gi -proteins to inhibit 
cyclic AMP formation and lipolysis, while the beta receptors couple 
with Gs-proteins to stimulate cyclic AMP formation and lipolysis. The 
beta 1 receptor may mediate low level catecholamine stimulation, while the 
beta 3 receptor, which is activated by higher levels of catecholamines, may 
deliver a more sustained signal. The second stage examines the regulation 
of cyclic AMP, the intracellular messenger that activates protein 
kinase A. Adenylyl cyclase synthesizes cyclic AMP from ATP and is 
regulated by the G-proteins. Phosphodiesterase 3B hydrolyzes cyclic AMP to 
AMP and is activated and phosphorylated by both insulin and the 
catecholamines norepinephrine and epinephrine. The third stage focuses on 
the rate-limiting enzyme of lipolysis , hormone -sensitive lipase 
(HSL) . This 82 to 88 kDa protein is regulated by reversible 
phosphorylation. Protein kinase A activates and phosphorylates the 



enzyme at 2 sites, and 3 phosphatases have been implicated in HSL 
dephosphorylation . The translocation of HSL from the cytosol to the lipid 
droplet in response to lipolytic stimulation may be facilitated by a family 
of lipid-associated droplets called perilipins that are heavily 
phosphorylated by protein kinase A and dephosphorylated by 
insulin. As the mechanisms regulating adipocyte lipolysis 
continue to be uncovered; we look forward to the challenges of integrating 
these findings with research at the in situ and in vivo levels. 
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In the present work a chimeric receptor containing the intracellular 
domain of the insulin receptor -related receptor ( IRR) and the 
extracellular domain of the colony stimulating factor-1 (CSF-1) receptor 
was expressed in 3T3-L1 adipocytes and compared with the parallel chimeric 
receptor containing the cytoplasmic domain of the insulin receptor 
(IR) . Both chimeric receptors exhibited CSF-stimulated tyrosine 
kinase activity when assayed in vitro after in vivo activation 
comparable to that of the endogenous IR present in these cells. No 
cross -activation of the expressed chimeric and endogenous receptors was 
observed. The cytoplasmic domain of the IRR was found to 1) mediate 
activation of the Ser/Thr kinase Akt/PKB, 2) stimulate glucose 
uptake, 3) inhibit lipolysis , and 4) stimulate glycogen 
synthase, all with a potency comparable to those of the expressed CSF-1R/IR 
chimera and the endogenous insulin receptors. These results indicate 
that despite the extensive differences in sequence between the cytoplasmic 
domains of the IRR and IR, the elements required for insulin- specif ic 
responses have been conserved in this distinct member of the insulin 
receptor family . 
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Obesity is associated with an increased incidence of insulin 
resistance, dyslipoproteinemia , and hypercoagulability. In a more recently 
established hypothesis of body weight control and regulation of metabolism, 
the adipocyte secretes leptin and locally expresses TNF-alpha, the latter 
being responsible for the expression of metabolic cardiovascular risk 
factors. TNF-a mRNA expression and TNF-alpha protein are greatly increased 
in adipose tissue from obese animals and humans. Elevated TNF-alpha 
expression induces insulin resistance by downregulating the tyrosine 
kinase activity of the insulin receptor and decreasing the 
expression of GLUT-4 glucose transporters. TNF-alpha also reduces 
lipoprotein lipase activity in white adipocytes, stimulates hepatic 
lipolysis, and increases plasminogen activator inhibitor- 1 
content in adipocytes. Moreover, adipocytes secrete leptin, a molecule with 
a secondary cytokine structure whose concentrations correlate with the 
amount of fat tissue. Increased leptin levels downregulate appetite and 
increase sympathetic activity and thermogenesis in the hypothalamus. 
Diet-induced weight loss reduces adipose TNF-alpha expression and serum 
leptin levels and is associated with improved insulin sensitivity and 
lipid metabolism. Although exercise has also been shown to reduce leptin 
levels, an influence on TNF-a expression in adipocytes or muscle cells has 
not yet been demonstrated. 
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Phospholipase C-gamma (PLCgamma) is the isozyme of PLC phosphorylated by 
multiple tyrosine kinases including epidermal growth factor, 
platelet-derived growth factor, nerve growth factor receptors, and 
nonreceptor tyrosine kinases. In this paper, we present evidence for 
the association of the insulin receptor (IR) with PLCgamma. 
Precipitation of the IR with glutathione S- transferase fusion proteins 
derived from PLCgamma and coimmunoprecipitation of the IR and PLCgamma were 
observed in 3T3-L1 adipocytes. To determine the functional significance of 
the interaction of PLCgamma and the IR, we used a specific inhibitor 
of PLC, U73122, or microinjection of SH2 domain glutathione S- transferase 
fusion proteins derived from PLCgamma to block insulin-stimulated 
GLUT 4 translocation. We demonstrate inhibition of 2 -deoxyglucose 
uptake in isolated primary rat adipocytes and 3T3-L1 adipocytes pretreated 
with U73122. Antil ipolytic effect of insulin in 3T3-L1 adipocytes is 
unaffected by U73122. U73122 selectively inhibits mitogen-activated 
protein kinase, leaving the Akt and p7 0 S6 kinase pathways 
unperturbed. We conclude that PLCgamma is an active participant in 
metabolic and perhaps mitogenic signaling by the insulin receptor in 
3T3 -LI adipocytes . 
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Phosphodiesterases (PDEs) include a large group of structurally related 
enzymes that belong to at least seven related gene families (PDEs 1-7) that 
differ in their primary structure, affinity for cAMP and cGMP, response to 
specific effectors, sensitivity to specific inhibitors , and 
regulatory mechanism. One characteristic of PDE3s involves their 
phosphorylation and activation in response to insulin as well as to 
agents that increase cAMP in adipocytes, hepatocytes, and platelets and in 
response to insulin-like growth factor 1 in pancreatic beta cells. In 
adipocytes, activation of the membrane-associated PDE3B is the major 
mechanism whereby insulin antagonizes catecholamine- induced 
lipolysis . PDE3B activation results in increased degradation of cAMP 
and, thereby, a lowering of the activity of cAMP-dependent protein 
kinase (PKA) . The reduced activity of PKA leads to a net 
dephosphorylation and decreased activity of hormone-sensitive lipase and 
reduced hydrolysis of triglycerides. Activation of the rat adipocyte PDE3B 
by insulin is associated with phosphorylation of serine-302. The 
mechanism whereby insulin stimulation leads to 

phosphorylation/activation of PDE3B is only partly understood. In rat 
adipocytes, lipolytic hormones and other agents that increase cAMP, 
including isoproterenol, also induce rapid phosphorylation, presumably 
catalyzed by PKA, of serine-302 of PDE3B . The phosphorylation is associated 
with activation- of the enzyme, most likely representing "feedback" 
regulation of cAMP, presumably allowing close coupling of the regulation of 
steady-state concentrations of both cAMP and PKA and, thereby, control of 
lipolysis . In the review we describe methods and strategies used in 
the authors* laboratories to study phosphorylation and activation of PDE3B 
in adipocytes and in vitro. Copyright 1998 Academic Press. 
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Adipose-tissue lipolysis (assessed from glycerol release) and 
glucose uptake were examined in parametrial and mesenteric adipocytes 
prepared from control or hyperthyroid rats in relation to changes in 



insulin sensitivity. Basal rates of lipolysis did not differ 
significantly between adipose- tissue depots. Lipolysis was maximally 
stimulated by noradrenaline at 1 microM, half -maximal anti- lipolytic 
effects of insulin were observed at approximately 11 microU/ ml 
insulin , and half-maximal stimulation of glucose uptake was observed 
at approximately 16 microU/ml insulin in adipocytes from both depots. 
Wortmannin caused a dose -dependent inhibition of the anti-lipolytic 
effect of insulin (15 0 microU/ml) on noradrenaline- stimulated 
lipolysis . Half-maximal effects of wortmannin were observed at 20-40 
nM. The p70S6K inhibitor rapamycin and the mitogen-activated protein 
kinase kinase inhibitor PD098 059 had no effects on 
noradrenaline-stimulated lipolysis . Hyperthyroidism increased basal 
rates of lipolysis and the maximal response of lipolysis to 
noradrenaline stimulation (3.1-fold, P < 0.001 and 2.1-fold, P < 0.05 
respectively) in parametrial adipocytes. Hyperthyroidism markedly blunted 
the sensitivity of noradrenaline-stimulated lipolysis to half -maximal 
suppression by. insulin in both parametrial and mesenteric adipocyte 
depots , and noradrenaline-stimulated lipolysis at a maximal 
insulin concentration remained significantly higher in adipocytes 
prepared from hyperthyroid rats compared with controls. Hyperthyroidism had 
no , effect on basal and little effect on insulin-stimulated glucose 
uptake. Tri-iodothyronine administered at a low dose selectively influenced 
the anti-lipolytic action of insulin in parametrial adipocytes, and 
led to significantly less marked elevation in plasma non-esterif ied fatty 
acid concentrations in vivo. The results demonstrate a selective effect of 
hyperthyroidism to impair insulin's anti-lipolytic action, and are 
consistent with the operation of different downstream signalling mechanisms 
for the effects of insulin on adipocyte glucose transport and 
lipolysis . 
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Vanadate activates membranous nonreceptor protein tyrosine kinase 
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The insulin- like effects of vanadate are independent of the 
insulin receptor and insulin receptor substrate 1 ( IRS-1) 
phosphorylation. A cytosolic protein tyrosine kinase (CytPTK) , 
sensitive to inhibition by nanomolar concentrations of staurosporine 
(concentration at which 50% inhibition occurs [IC50] , 1-2 nmol/1) , 
has been implicated in some (i.e., glucose oxidation, lipogenesis) but not 
all (i.e. , hexose uptake , inhibition of lipolysis ) of the 
insulin -like effects of vanadate. We report here the existence of 
another nonreceptor protein tyrosine kinase in rat adipocytes, 
located exclusively in the plasma membranes (MembPTK) , which we suggest is 
associated with hexose uptake and the antilipolytic activity of vanadate. 
MembPTK is a nonglycoprotein with an estimated molecular weight of 55-60 
kDa. In a cell -free experiment, vanadate activates MembPTK seven- to 
ninefold (median effective dose, 17 +/- 2 micromol/1) . Vanadate-activated 
MembPTK is inhibited by staurosporine (IC50, 60 +/- 5 nmol/1) . In 
intact adipocytes, staurosporine antagonized vanadate -induced hexose uptake 
(IC50, 6.0 + /- 0.3 micromol/1) and significantly reversed the antilipolytic 
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Involvement of phosphoinositide 3-kinase in insulin stimulation of 
MAP-kinase and phosphorylation of protein kinase-B in human skeletal 
muscle: implications for glucose metabolism. 
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Isolated skeletal muscle from healthy individuals was used to evaluate 
the role of phosphoinositide 3-kinase (PI 3-kinase) in insulin signalling 
pathways regulating mitogen activated protein kinase (MAP-kinase) and 
protein kinase-B and to investigate whether MAP-kinase was involved in 
signalling pathways regulating glucose metabolism. Insulin stimulated 
glycogen synthase activity (approximately 1.7 fold), increased 
3-o-methylglucose transport into human skeletal muscle strips 
(approximately 2 fold) and stimulated phosphorylation of the p42 ERK- 
2 isoform of MAP-kinase. This phosphorylation of p42 ERK2 was not 



blocked by the PI 3-kin*te inhibitors LY294002 and wortma^jiin although it 
was blocked by the MT^iinase kinase (MEK) inhibitor «p8059. However, 
PD98059 (up to 20 micromol/1) did not block insulin acCTvation of 
glycogen synthase or stimulation of 3-o-methylglucose transport. Wortmannin 
and LY294002 did block insulin stimulation of protein kinase-B ( PKB) 
phosphorylation and stimulation of 3-o-methylglucose transport was 
inhibited by wortmannin (IC50 approximately 100 nmol/1) . These results 
indicate that MAP-kinase is activated by insulin in human skeletal muscle 
by a PI 3-kinase independent pathway. Furthermore this activation is not 
necessary for insulin stimulation of glucose transport or activation of 
glycogen synthase in this tissue. 
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Insulin-like growth f actor-I-mediated neurite outgrowth in vitro requires 
mitogen-activated protein kinase activation. 
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Insulin-like growth factor-I (IGF-I) induces neuronal differentiation m 
vitro. In the present study, we examined the signaling pathway underlying 
IGF-I-mediated neurite outgrowth. In SH-SY5Y human neuroblastoma cells, 
treatment with IGF-I induced concentration- and time-dependent tyrosine 
phosphorylation of the type I IGF receptor (IGF-IR) and extracellular 
signal-regulated protein kinases (ERK) 1 and 2. These effects 
of IGF-I were blocked by a neutralizing antibody against IGF-IR. Whereas 
IGF-IR phosphorylation was observed within 1 min, maximal phosphorylation 
of ERKs was not reached for 30 min. Both IGF-IR and ERK phosphorylation 
were maintained for at least 24 h. Also, the concentration dependence of 
IGF-I-stimulated IGF-IR and ERK tyrosine phosphorylation paralleled that of 
IGF-I-mediated neurite outgrowth. We further examined the role of 
mitogen-activated protein kinase activation in IGF-I-stimulated neuronal 
differentiation using the mitogen-activated protein kinase/ERK kinase 
inhibitor PD98059. Whereas PD98059 had no effect on IGF-IR 
phosphorylation, PD98059 reduced IGF-I-mediated ERK tyrosine 
phosphorylation and ERK phosphorylation of the substrate Elk-1. 
PD98059 also produced a parallel reduction of IGF-I-stimulated 
neurite outgrowth. Finally, consistent with its ability to block neuronal 
differentiation, PD98059 inhibited IGF-I-dependent changes of GAP-43 
and c-myc gene expression. Together these results suggest that activation 
of ERKs is essential for IGF-I-stimulated neuronal differentiation. 
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The mitogen-inducible cyclooxygenase (COX-2) is selectively expressed in 
lipopolysaccharide (LPS) -stimulated macrophages. However, the signaling 
pathways that lead to the expression of COX-2 in LPS-stimulated macrophages 
are not well understood. LPS activates members of mitogen-activated protein 
kinases (MAPKs) and NF-kappaB transcription factor in macrophages. We have 
shown that protein tyrosine kinase (PTK) inhibitors suppress the 
LPS-induced expression of COX-2 in macrophages (Chanmugam et al . , J Biol 
Chem 270- 5418-5426, 1995). These PTK inhibitors also inhibit LPS-induced 
activation of MAPKs . Thus, in the present study, we determined whether the 
activation of MAPKs and NF-kappaB is necessary for the signaling pathway 
for the LPS-induced expression of COX-2 in the murine macrophage cell line 
RAW 264.7. The findings demonstrated that inhibition of extracellular 
signal-regulated protein kinases 1 and 2 (ERK-1 and -2) by the 
selective inhibitor PD98059 or inhibition of P38 by the specific 
inhibitor SB203580 results in partial suppression of COX-2 expression. 
However, activation of MAPKs by phorbol 12-myristate 13-acetate, H202, 
sorbitol, sodium vanadate, or a combination of these agents failed to 
induce the expression of COX-2. Inhibitors of NF-kappaB suppressed COX-2 
expression without affecting tyrosine phosphorylation of MAPKs. The PTK 
inhibitors that suppressed the activation of MAPKs and COX-2 expression 
also inhibited the degradation of ikappaB-alpha . Together, these results 
indicate that the activation of NF-kappaB is required to induce the 
expression of COX-2 in LPS-stimulated RAW 264.7 cells. Inhibition of 
ERK-1 and 2 or P38 results in partial suppression of COX-2 
expression. However, the activation of MAPKs alone is not sufficient to 
induce the expression of COX-2 in these cells. 
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SOS, the guanine nucleotide exchange factor for Ras, becomes 
phosphorylated on serine and threonine residues following stimulation of 
cells with growth factors. These phosphorylations may play a role m 
negative feedback of Ras stimulation and have been shown to be mediated in 
part by the MAP kinases Erk-1 and Erk-2. Here we 

show that in addition to MAP kinase, a major mitogen activated kinase for 
SOS is p90 Rsk-2, a downstream target of MAP kinase. p90 Rsk-2 
phosphorylates SOS in an in gel assay and also in solution in vitro. The 
ability of p90 Rsk-2 to phosphorylate SOS increases greatly following EGF 
treatment of PC12 cells and is blocked by expression of N17 Ras or 
treatment with the MEK inhibitor PD98059. Phosphopeptide mapping 
revealed that the sites phosphorylated by p90 Rsk-2 in vitro were also 
phosphorylated in intact cells in response to EGF treatment. Several major 
sites of in vivo phosphorylation correlated with p90 Rsk-2 phosphorylation 
sites rather than MAP kinase sites. It is therefore likely that p90 Rsk-2 
plays an important role in the down regulation of the Ras activation 
pathway through SOS . 
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ABSTRACT: We have shown previously that GH stimulates the mitogen-activated 
protein (MAP) kinases designated ERKs (extracellular signal-regulated 
kinases) 1 and 2. To examine pathways coupling GH receptor (GHR) to MAP 
kinase activation, we have determined the effects of GH on SHC-growth 
factor receptor bound 2-son of Sevenless (SHC-Grb2-SOS) association and 
activation of Ras, Raf , and MAP-ERK kinase (MEK) . GH promoted the rapid, 
transient association of SHC with the Grb2-SOS complex, which correlated 
with the time course of Ras, Raf, and MEK activation. Despite the 
continuous presence of GH, these activation events were transient with 
Ras, Raf, and MEK returning to near basal activity by 15 or 30 min. The 
inactivation of Ras, Raf, and MEK directly correlated with the 
serine/threonine phosphorylation of SOS and dissociation of SOS from Grb2 
but not Grb2 from tyrosine-phosphorylated SHC. Phosphorylation was 
blocked by the MEK inhibitor, PD98059. Based upon the established 
functions of the MAP kinase pathway, these data indicate that GH 
stimulation results in the assembly of a SHC-Grb2-SOS complex that serves 
to activate Ras and thereby engage the Raf-MEK-ERK pathway. Activation of 
this pathway generates a feedback kinase cascade that phosphorylates SOS 
resulting in the dissociation of SHC-Grb2 complexes from SOS, thereby 
causing a more rapid termination of the signaling pathway than would 
result from SHC dephosphorylation. 

1997 
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The purpose of this study was to determine the effect of the peroxisome 
proliferator-activated receptor gamma- (PPAR gamma) ligands troglitazone 
(TRO) , rosiglitazone (RSG) , and 15-deoxy-delta prostaglandin J2 (15d-PGJ2) 
on vascular smooth muscle cell (VSMC) migration directed by multiple 
chemoattractants. Involvement of mitogen-activated protein kinase ( 
MAPK ) in migration also was examined, because TRO was previously 
shown to inhibit nuclear events stimulated by this pathway during mitogenic 
signaling in VSMCs. Migration of rat aortic VSMCs was induced 5.4-fold by 
PDGF, 4.6-fold by thrombin, and 2.3-fold by insulin-like growth factor I 
(IGF-I; all values of p < 0.05). The PPAR gamma ligands 15d-PGJ2, RSG, or 
TRO all inhibited VSMC migration with the following order of potency: 
15d-PGJ2 > RSG > TRO. Inhibition of MAPK signaling with PD98059 
completely blocked PDGF-, thrombin-, and IGF-I-induced migration. All 
chemoattractants induced MAPK activation. PPAR gamma ligands did not 
inhibit MAPK activation, suggesting a nuclear effect of these ligands 
downstream of MAPK . The importance of nuclear events was confirmed 
because actinomycin D also blocked migration. We conclude that PPAR gamma 
ligands are potent inhibitors of VSMC migration pathways, dependent on 
MAPK and nuclear events. PPAR gamma ligands act downstream of the 
cytoplasmic activation of MAPK and appear to exert their effects in 
the nucleus. Because VSMC migration plays an important role in the 
formation of atherosclerotic lesions and restenosis, PPAR gamma ligands 
like TRO and RSG, which ameliorate insulin resistance in humans, also may 
protect the vasculat 
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ABSTRACT: The deposition of amyloid beta protein (A-beta) in the cerebral 
cortex is the pathological characteristic of Alzheimer's disease (AD), 
and patients with AD suffer from progressive memory loss. Transgenic 
experiments have revealed that long-term memory is dependent on cyclic 
AMP-response element binding protein, CREB. CREB phosphorylation at 
serine-133 is essential for its transcriptional activity. Here we 
demonstrated that A-beta ( 1-40) , at a concentration more than 1 mu-M, 
induced CREB phosphorylation at serine-133 in rat pheochromocytoma PC12 
cells. A-beta (1-40) induced phosphorylation of p44 and p42 MAP kinases 
(Erkl and Erk2) at tyrosine-204 , and PD98059, a MEK1 inhibitor, 
inhibited A-beta ( 1-40) -induced CREB phosphorylation at serine-133. We 
conclude that elevated A-beta (1-40) level induces CREB phosphorylation at 
serine-133 via p44/42 MAP kinase-dependent pathway. 



